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NOVENCLATURE

Synbol s and abbreviations enployed in this manual are consistent with those
contained in ICAO Annex 16, Volume 1. First Edition - 1981.

Synbol s

Synbol Uni t

Cl dB 90% Confidence interval in decibel units relevant to the
calculation being made.

D m Jet nozzle dianeter based on total nozzle exit area

EPNL EPNdB  Effective Perceived Noise Leve

F N Engi ne net thrust

f Hz 1/3-octave centre frequency

K const ant

L dBA 'A - weighted sound pressure |eve

M Mach nunber

M Propeller helical tip Mach nunber

N RPM Propel ler rotational speed

Ny RPM Low pressure rotor speed of turbine engines

PNL PNdB Perceived Noise Leve

PNLT TPNdB  Tone Corrected Perceived Noise Leve

PNLTM TPNdB  Maxi mum Tone Corrected Perceived Noise Leve

S Strouhal nunber £D/Vj

SHP kW Shaft horse power

SPL dB Sound pressure | evel based on a reference of 2QePa

TCL °c Air tenperature at engine centreline height

TMIC °C Air tenperature at the ground plane mcrophone height

vj m/sec Jet velocity for conplete isentropic expansion to anbient
pressure

v m/sec  Aircraft airspeed

WCL Km/h Average wind speed at engine centreline height

x m Di stance downstream from nozzle exit

Samb ratio of absolute static pressure of the anbient air at

the height of the aeroplane to |SA air pressure at mean
sea | evel (ie 101.325 kPa)
€ ¢2 ratio of absolute static tenperature of the air at the
hei ght of the aeroplane to the absolute tenperature of the
air at sea level for ISA conditions (ie 288.15 K)
M engine power related paraneter, or nean value see Appendix 1
A degrees  Angle between the flight path in the direction of flight
and a straight line connecting the aeroplane and the
m crophone at the tinme of sound emission

Suffices
fit quantity related to flight conditions
max maxi mum val ue
ref quantity related to reference conditions
static quantity related to static conditions
t est quantity related to test conditions
DOP Doppler related quantity

Abbrevi ati ons

ESDU Engi neering Sciences Data Unit
| SA International Standard Atnmosphere
NPD Noi se- power - di st ance

SAE AR Society of Autonotive Engineers - Aerospace |nformation Report
SAE ARP Society of Autonotive Engineers - Aerospace Recommended Practice
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SECTION 1: GENERAL

1.1

1.2

1.3

Purpose

The aim of this technical manual is to promote uniformity of
implementation of the technical procedures of Annex 16,

Volume 1, and to provide guidance such that all certificating
authorities can apply the same degree of stringency and the same
criteria for acceptance in approving applications for the use of
equivalent procedures.

This manual provides guidance in the wider application of
equivalent procedures that have been accepted as the technical
means for demonstrating compliance with the noise certification
requirements of Annex 16, Volume 1. Such procedures are referred
to Annex 16, Volume 1, but are not dealt with in the same detail as
in the Appendices of the Annex which describe the noise evaluation
methods for compliance with the relevant Chapters.

Annex 16, Volume 1, procedures must be used unless an equivalent
procedure is approved by the certificating authority. Equivalent
procedures should not be considered as limited only to those
described herein, as this technical manual will be expanded as new
procedures are developed.

Framework

Equivalent procedures fall into two broad categories; those which
are generally applicable and those which are applicable to a
particular aircraft type. For example, some equivalencies dealing
with measurement equipment may be used for all types of aircraft,
but a given test procedure may only be appropriate for turbojet
powered aeroplanes, and not to turboprop powered aeroplanes. Con-
sequently this manual is framed to provide information on equiv-
alent procedures applicable to the types of aircraft covered by
Annex 16 Volume 1, {.e., jet powered, propeller driven heavy and
light aeroplanes and helicopters. Equivalent procedures applicable
to each aircraft type are identified in separate sections. Each
section covers, in the main, flight test equivalencies, the use of
analytical procedures and equivalencies in evaluation procedures.

Incorporation of Equivalent Procedures into the Noise Compliance
Demonstration Plan

Prior to undertaking a noise certification demonstration, the
applicant is normally required to submit to the certificating
authority a noise compliance demonstration plan. This plan con-
tains the method by which the applicant proposes to show compliance
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with the noise certification requirements. Approval of this plan
and the proposed use of any equivalent procedure remains with the
certificating authority. The procedures in this manual are grouped
for specific applications. The determination of equivalency for
any procedure or group of procedures must be based upon the
consideration of all pertinent facts relating to the application
for a certificate.

Use of equivalent procedures may be requested by certificate
applicants for many reasons, such as:-

a) to make use of previously acquired certification test
data for the aeroplane type;

b) to permit and encourage more reliable demonstration
of small noise level differences among derived versions
of an aeroplane type;

c) to minimize the costs of demonstrating compliance with
the requirements of Annex 16, Volume 1, by keeping
aircraft test time, airfield usage, and equipment and
personnel costs to a minimum.

The material included in this manual is for technical guidance
only. The use of past examples of approved equivalencies does not
imply that these equivalencies are the only acceptable ones,
neither does their presentation imply any form of limitation of
their application, nor does it imply commitment to further use of
these equivalencies.

Changes to the Noise Certification Levels for Derived Versions

Many of the equivalent procedures given in this manual relate to
derived versions, where the procedure used yields the information
needed to obtain the noise certification levels of the derived
version by adjustment of the noise levels of the "flight datum"
aircraft (i.e, the most appropriate aircraft for which the noise
levels were measured during an approved Annex 16, Volume 1, flight
test demonstration).

The physical differences between the '"flight datum" aircraft and
the derived version can take many forms, for example, an increased
take-off weight, an increased engine thrust, changes to the
powerplant or propeller or rotor types, etc. Some of these will
alter the distance between the aircraft and the nolse certification
reference points, others the noise source characteristics.
Procedures used in the determination of the noise certification
levels of the derived versions will therefore depend upon the
change to the aircraft being considered. However, where several
similar changes are being made, for example, introduction of
engines from different manufacturers, the procedures used to obtain
the noise certification levels of each derivative aircraft should
be followed in identical fashion.
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at

| east to noise levels 10 dB bel ow the maxi mum tone

corrected Perceived Noise Level (PNLTM) obtained at the
measur enent points during the dermonstration

.2 Generalised flight test procedures
The followi ng equivalent flight test procedures have been
used for noise certification conpliance denonstrations.
2.1.2.1 Derivation of noise, power, distance data

For a range of powers covering full take-off and
cut-back powers, the aeroplane is flown past |ateral
and under-flight-path mcrophones in accordance with
paragraphs 3.6.2.1 ¢) d) of Annex 16, Volune 1. A
sufficient nunber of noise neasurenents are made to
enabl e noi se-power curves at a given distance for
both lateral and flyover cases to be established
These curves are extended either by calculation or
by the use of additional flight test data to cover a
range of distances to formthe generalised noi se
data base for use in the noise certification of the
“flight datunmt and derived versions of the type and
are often referred to as Noi se- Power-Di stance (NPD)
plots. (See Fig. 2). The 90% confi dence intervals
about the nmean lines are constructed through the
data (see paragraph 2.2 of Appendix 1). This is
repeated for an under flight path microphone for a
range of approach powers using the speed and
aeroplane configuration given in paragraph 3.6.3 of
Annex 16, Vol une 1.

Availability of flight test data for use in data
adjustment, eg speed and altitude, should be
considered in test planning and may linit the extent
to which a derived version may be devel oped wi t hout
further flight testing especially where the effects
of airspeed on source noise |evels become
significant.

The take-off, lateral and approach noi se measure-
ments should be corrected to the reference speed
and atrmospheric conditions over a range of distances
in accordance with the procedures described in
Appendi x 1 (Chapter 2 aeroplanes) or Appendix 2
(Chapter 3 aeroplanes) of Annex 16, Vol ume 1. The
NPD plots can then be constructed fromthe corrected
Ef fective Perceived Noise Level (EPNL), power and
distance information. The curves present the EPNL
value for a range of distance and engi ne noise
per f or mance parameters, A (see Annex 16, Vol une 1,
paragraph 9.3.4.1 of” Appendix 2). The paraneters
are usyally the corrected | ow pressure rotor speed
N1/f® > or the corrected net thrust Fy/ 8amb (see
Fig. 2), where:-
Ny is the actual |ow pressure rotor speed
©+to is the ratio of absolute static tenperature
of the air at the height of the aeroplane to the
absolute tenperature of the air for an

international standard atnosphere (ISA) at nmean sea

level (i.e., 288.15K)
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2.1.3.1

2.1.4

a)

b)

c)

d)

e)

Lateral noise measurements for a range of conven-
tionally configured aeroplanes with under wing and/
or rear-fuselage mounted engines, have shown that
the maximum lateral noise at full power normally
occurs when the aeroplane is close to 300 m (985 ft)
or 435*m (1,427 ft) in height during the take-off.
Based on this finding it is considered acceptable to
use the following as an equivalent procedure:

for aeroplanes to be certificated under Chapter 3 or
Chapter 2 of Annex 16, Volume 1, two microphone
locations are used, symmetrically placed on either
side of the aeroplane reference flight track and
450 m or 650 m* from it.

the height of the aeroplane as it passes the micro-
phone stations should be 300 m (985 ft) or 435 m*
(1,427 ft) and be no more than +100 m, -50 m

(+328 ft, -164 ft) relative to this target height.

constant power, configuration and airspeed as
described in paragraphs 3.6.2.1 a), 3.6.2.1 d),
2.6.1.2 and 2.6.1.3 of Annex 16, Volume 1, should
be used during the flight demonstration.

ad justment of measured noise levels should be made
to the acoustical reference day conditions and to
reference aeroplane operating conditions as spe-
cified in section 9 of Appendix 1* and 2 of Annex 16,
Volume 1.

to account for any possible asymmetry effects in
measured noise levels, the reported lateral noise
level for purposes of demonstrating compliance with
the applicable noise limit of Chapter 3 or Chapter 2
of Annex 16, Volume 1, as applicable, should be the
arithmetic average of the corrected maximum noise
levels from each of the two lateral measurement
points and compliance should be determined within
the 1.5 dB 90 percent confidence interval required
by the Annex (see paragraph 2.1 of Appendix 1 of
this manual).

*for use with Chapter 2 procedures

Take-off flyover noise levels with power cut-back

Flyover noise levels with power cut-back may also be
established without making measurements during take-off
with full power followed by power reduction in accordance
with paragraph 2.2.1 of this manual.
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c) aeroplane engine and nacelle configuration and
acoustical treatment changes, usually leading to
changes in EPNL of less than one decibel. However,
it should be ensured that new noise sources are not
introduced by modifications made to the aeroplane,
engine or nacelles.

d) airframe design changes such as changes in fuselage
length, flap configuration and engine installation,
that could indirectly affect noise levels because of
an effect on aeroplane performance (increased drag
for example). Changes in aeroplane performance
characteristics derived from aerodynamic analysis or
testing have been used to demonstrate how these
changes affect the aeroplane flight path and hence
the demonstrated noise levels of the aeroplane.

In these cases care should be exercised to ensure
that the airframe changes do not introduce
significant new noise sources nor modify existing
source generation or radiation characteristics. In
such instances the magnitude of such effects may
need to be established by test.

Static Tests and Projections to Flight Noise Levels

Static test evidence provides valuable definitive information for
deriving the noise levels resulting from changes to an aeroplane
powerplant or the installation of a broadly similar powerplant into
the airframe following initial noise certification of the flight
datum aeroplane. This involves the testing of both the flight
datum and derivative powerplants using an open—-air test facility
whereby the effect on the noise spectra of the engine modifications
in the aeroplane may be assessed. It can also extend to the use of
component test data to demonstrate that the noise levels remain
unchanged where minor development changes have been made.

Approval of equivalent procedures for the use of static test
information depends critically upon the availability of an adequate
approved data base (NPD plot) acquired from the flight testing of
the flight datum aeroplane.

Static tests can provide sufficient additional data or noise source
characteristics to allow a prediction to be made of the effect of
changes on the noise levels from the aeroplane in flight.

Types of static test accepted for the purposes of certification
compliance demonstration in aeroplane development include

engine and component noise tests and performance testing. Such
tests are useful for assessing the effects of mechanical and
thermodynamic cycle changes to the engine on the individual noise
sources.
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Stati

¢ engine testing is dealt with in detail in subsequent sections.

The criteria for acceptance of component tests are less definable.

There

are many instances, particularly when only small EPNL changes

are expected, that component testing provides an adequate
demonstration of noise impact. These include, for example:

a)
b)

c)
d)

Each

changes in the specification of sound absorbing linings
within an engine nacelle,

changes in the mechanical or aerodynamic design ef the
fan, compressor or turbine,

changes to combustor designs.

minor exhaust system changes.

proposal by the applicant to use component test data should be

considered by the certificating authority with respect to the
significance of the relevant affected source on the EPNL of the
aeroplane.

2.3.1

Limitation on the projection of static to flight data

Details of the acceptability, use and applicability of
static test data are contained in subsequent sections.

The amount by which the measured noise levels of a
derivative engine will differ from the reference engine
is a function of several factors, including:

(a) thermodynamic changes to the engine cycle,
including increases in thrust;

(b) design changes to major components, e.g., the fan,
compressor, turbine, exhaust system, etc;

(¢) changes to the nacelle.

Additionally, day-to-day and test site-to-site variables
can influence measured noise levels and therefore the
test, measurement and analysis procedures described in
this manual are designed to account for these effects.

In order that the degree of change resulting from aspects
such as (a), (b) and (c) above, when extrapolated to
flight conditions, are constrained to acceptable amounts
before a new flight test is required, a limit is needed -
that can be used uniformily by certificating authorities.

The recommended guideline for this limit is that the
summation of the magnitudes, neglecting signs, of the
noise changes, for the three reference certification
conditions, between the flight datum aeroplane and the
derived version, at the same thrust and distance (for the
derived version), is no greater than 5 EPNdB with a
maximum of 3 EPNdB at any one of the reference conditions
(see figure 5).

For differences greater than this additional flight
testing at conditions where noise levels are expected to
change is recommended to establish a new flight NPD data
base.
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2.3.2

However, provided the detailed prediction procedures used
are verified by flight test for all the types of noise
sources i.e. tones, non-jet broadband and jet noise

rel evant to the aeroplane under consideration and there
are no significant changes in installation effects

bet ween the aeroplane used for the verification of the
prediction procedures and the aeroplane under
consideration, the.-procedure may be enployed without the
limtations described above.

In the determnation of the noise levels of the nodified
or derived version the same anal ytical procedures as used
inthe first static to flight calculations for the noise
certification of the aeroplane type shall be used

Static Engine Tests

Data acquired fromstatic tests of engines of simlar
designs to those that were flight tested may be pro-
jected, when appropriate, to flight conditions and, after
approval, used to supplement an approved NPD plot for the
pur pose of denonstrating conpliance with the Annex 16,
Vol ume 1, provisions in support of a change in type
design. This section provides guidelines on static
engine test data acquisition, analysis and normalisation
techniques. The information provided is used in
conjunction with technical considerations and the genera
gui delines for test site, neasurement and anal ysis
instrumentation, and test procedures provided in the

| at est version of the Society of Autonotive Engineers
(SAE) Al R 1846-1984, "Measurenment of Noise from Gas
Turbine Engines During Static Qperation”. The engine
designs and the test and anal ysis techniques to be used
shoul d be presented in the test plan and subnmitted, for
approval, to the certificating authority for concurrence
prior to testing. Note that test restrictions defined
for flight testing in confornity with Annex 16, Volune 1,
are not necessarily appropriate for static testing. (SAE
AR 1846-1984 provides guidance on this subject).

For exanple, the measurenent distances associated with
static tests are substantially |ess than those encoun-
tered in flight testing and nmay permt testing in atnos-
pheric conditions not permtted for flight testing by
Annex 16, Vol une 1. Moreover, since static engine noise
is a steady sound pressure level rather than the trans-
ient noise |evel of a flyover, the measurenent and

anal ysi s techniques may be sonewhat different for static
noi se testing.

2.3.2.1 Test site requirenents

The test site should neet at least the criteria
specified in SAE AIR 1846-1984. Different test
sites may be selected for testing differing engine
configurations provided the acoustic measurenents
fromthe different sites can be adjusted to a comobn
reference condition
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2.3.2.2

2.3.2.3

2.3.2.4

Measurement and anal ysis

Measurenent and analysis systens used for static
test, and the modus operandi of the test programme,
my well vary according to the specific test

obj ectives, but in general they should conform wth
those outlined in SAE Al R 1846-1984. Some inportant
factors to be taken into account are highlighted in
subsequent sections.

M crophone | ocations

M crophones should be |ocated over an angul ar range
sufficient to include the 10 dB down tines after
projection of the static noise data to flight
conditions. General guidance in SAE AR 1846,
describing mcrophone locations is sufficient to
ensure adequate definition of the engine noise
source characteristics.

The choice of mcrophone location with respect to
the test surface depends on the specific test

obj ectives and the nethods to be used for data
normalisation. Certification experience with static
engine testing has been primarily limted to mcro-
phone installations near the ground or at engine
centreline height. In general, because of the
difficulties associated with obtaining free-field
sound pressure levels that are often desirable for
extrapol ating to flight conditions, near-ground-

pl ane microphone installations or a conbination of
ground-pl ane and elevated m crophones have been
used. Consistent mcrophone |ocations, heights,
etc. are recomended for noise measurements of both
the prior approved and changed version of an engine
or nacelle.

Acoustic shadow ng

\Were ground plane microphones are used, special

precautions are necessary to ensure that consistent
nmeasurenments, e.g., free from "acoustic shadow ng"
(refraction) effects, will be obtained. Wen there is a
wind in the opposite direction to the sound wave propagating
fromthe engine, or when there is a substantial therma
gradient in the test arena, refraction can influence near-
ground pl ane mcrophone neasurenents to a |larger degree than
measurenents at greater heights.

Previous evidence, or data from a supplenental test,

may be used to denonstrate that testing at a

particular test site results in consistent

measurenents, including the absence of shadow ng.

In lieu of this evidence, a supplenmental noise
demonstration test should include an approved nethod

to indicate the absence of shadowi ng effects on the

ground plane neasurements.
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2.3.2.5

2.3.2.6

2.3.2.7

Engine power test conditions

A range of static engine operating conditions

should be selected to correspond to the expected
maximum range of in-flight engine operating
conditions for the appropriate engine power setting
parameter. A sufficient number of stabilised engine
power settings over the desired range should be
included in the test to ensure that the 90%
confidence intervals in flight projected EPNL can be
established (see paragraph 3of Appendix 1 to this
manual).

Data system compatibility

The data acquisition and analysis systems should
comply with the recommendations given in SAE AIR
1846. 1f more than one data acquisition and
analysis system is used for the acquisition of
static data, compatibility of the two systems is
necessary and can be accomplished through
appropriate calibration.

The use of a pseudo random noise signals is an
acceptable alternative to using actual engine noise
measurements for analysis system compatibility
determination. The analysis system differences
should be adjusted on a one~third octave basis.

Data acquisition, analysis and normalisation

For each engine power setting designated in the test
plan, the engine performance, meteorological and
sound pressure level data should be acquired and
analysed using instrumentation and test procedures
described in SAE AIR 1846-1984. Sound measurements
should be normalised to consistent conditions and
include 24 1/3-octave band sound pressure levels
between band centre frequencies of 50 Hz to 10 KHz
for each measurement (microphone) station. Before
projecting the static engine data to flight
conditions, the sound pressure level data should be
corrected for:-

(a) the frequency response characteristics of the
data acquisition and analysis system.

(b) contamination by background ambient or elec-
trical system noise. (See Appendix 3)
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fuselage scattering or airfrane reflection effects.
However, general nethods to adjust for these effects are
not yet available. It is therefore inportant that

before the followi ng procedures are approved for the
derived version of the aeroplane, the geonetry of the
airframe and engines in the vicinity of the engines be
shown to be essentially identical to that of the flight
dat um aeroplane so that the radiated noise is essentially
uneffected.

2.3.3.1 Normalisation t0 reference conditions

The analysed static test data shoul d be normalised
to freefield conditions in the Annex 16, Volune 1
reference atnosphere. This adjustment can only be
applied with a know edge of the total spectra being
the summation of all the noise source spectra
comput ed as described in paragraphs 2.3.3.2 to
2.3.3.4.

The required adjustments include:

(1) Atnospheric absorption - adjustnents to account
for the acoustical reference day atnospheric
absorption are defined in SAE ARP 866A (revised
15th March 1975). |In the event that minor
differences in absorption values are found in
SAE ARP 866A between equations, tables or
graphs the equations should be used.

The atnospheric absorption should be conputed
over the actual distance from the effective
centre Of each noi se source to each m crophone,
as determned in 2.3.3.4.

(2) Gound reflection - exanples of methods for
obtaining freefield sound pressure levels are
described in SAE AIR 16728-1983 or
Engi neering Sciences Data Unit, ESDU |tem 80038
Amendnent A

Spatial distribution of noise sources do not
have a first order influence on ground reflec-
tion effects and hence nay be disregarded. It
is also noted that measurements of far-field
sound pressure levels wth ground-plane nicro-
phones may be used to avoid the large spectra
irregularities caused by interference effects
at frequencies less than 1 Kiz.

2.3.3.2 Separation into broadband and tone noise

The purpose of procedures described in this section
is to identify all significant tones in the spectra
firstly to ensure that tones are not included in the
subsequent estimation of broadband noise, and
secondly to enabl e the Doppler-shifted tones (in-



Report on Agenda Item 3 3-A-19

fuselage scattering or airfrane reflection effects.
However, general nethods to adjust for these effects are
not yet available. It is therefore inportant that

before the followi ng procedures are approved for the
derived version of the aeroplane, the geonetry of the
airframe and engines in the vicinity of the engines be
shown to be essentially identical to that of the flight
dat um aeroplane so that the radiated noise is essentially
uneffected.

2.3.3.1 Normalisation t0 reference conditions

The analysed static test data shoul d be normalised
to freefield conditions in the Annex 16, Volune 1
reference atnosphere. This adjustment can only be
applied with a know edge of the total spectra being
the summation of all the noise source spectra
comput ed as described in paragraphs 2.3.3.2 to
2.3.3.4.

The required adjustments include:

(1) Atnospheric absorption - adjustnents to account
for the acoustical reference day atnospheric
absorption are defined in SAE ARP 866A (revised
15th March 1975). |In the event that minor
differences in absorption values are found in
SAE ARP 866A between equations, tables or
graphs the equations should be used.

The atnospheric absorption should be conputed
over the actual distance from the effective
centre Of each noi se source to each m crophone,
as determned in 2.3.3.4.

(2) Gound reflection - exanples of methods for
obtaining freefield sound pressure levels are
described in SAE AIR 16728-1983 or
Engi neering Sciences Data Unit, ESDU |tem 80038
Amendnent A

Spatial distribution of noise sources do not
have a first order influence on ground reflec-
tion effects and hence nay be disregarded. It
is also noted that measurements of far-field
sound pressure levels wth ground-plane nicro-
phones may be used to avoid the large spectra
irregularities caused by interference effects
at frequencies less than 1 Kiz.

2.3.3.2 Separation into broadband and tone noise

The purpose of procedures described in this section
is to identify all significant tones in the spectra
firstly to ensure that tones are not included in the
subsequent estimation of broadband noise, and
secondly to enabl e the Doppler-shifted tones (in-



2.3.3.4

Report on Agenda Item 3 3-A-21

(1) For single—-stream engines with circular nozzles,
the procedure detailed in SAE ARP 876C-1985 may
be used. However, the engine geometry may
possess features which can render this method
inapplicable. Example procedures for co-axial
flow engines are provided in SAE AIR 1905-1985.

(2) Analytical procedures based on correlating full
scale engine data with model nozzle character-
istics may be used. Model data have been used
to supplement full scale engine data, partic-
ularly at low power settings, because of the
uncertainty in defining the level of jet noise
at the higher frequencies where noise from
other engine sources may make a significant
contribution to the broadband noise.

(3) Special noise source location techniques are
available which, when used during full-scale
engine tests, can identify the positions and
levels of separate engine noise sources.

Noise source position effects

Static engine noise measurements are often made at
distances at which engine noise sources cannot be
truly treated as radiating from a single acoustic
centre. This may not give rise to difficulties in
the extrapolation to determine the noise increments
from static data to flight conditions because noise
increments in EPNL are not particularly sensitive to
the assumption made regarding the spatial
distribution of noise sources.

However, in some circumstances (for example, where
changes are made to exhaust structures, and the
sources of external jet-mixing noise are of over-
riding significance) it may be appropriate to
identify noise source positions more accurately.
The jet noise can be considered as a noise source
distributed downstream of the engine exhaust plane.
Internal sources of broadband engine noise may be
considered as radiating from the intake and the
exhaust.

There are three principal effects to be accounted
for as a consequence of the position of the noise

source differing from the "nominal" position assumed

for the "source" of engine noise.



3-A-22

Report on Agenda Iltem 3 .

2.3.3.5

(1) Spherical divergence - the distance of the
source from the microphone differs fromthe
nom nal distance; an inverse square |aw
adj ustment needs to be applied.

(2) Directfvity - the angle subtended by the line
fromthe source to the mcrophone and the
source to the engine centreline differs from
the nonminal angle; a linear interpolation
shoul d be made to obtain data for the proper
angl e.

(3) Atnospheric attenuation - the difference
between the true and the nomi nal distance
between the source and the nicrophone alters
the allowance made for atrmospheric attenuation
in paragraph 2.3.3.1 above.

Source position can be identified either from noise
source location measurements (made either at full or
model scale), or froma generalised data base

Note: No published standard on coaxial jet noise
source distribution is currently available. An
approximate distribution for a single jet is given
by the following equation (see Ref 1 and 2):-

-1

x/D = (0.057S + 0.02152) 2
where S is the Strouhal nunber £D/V;

x is the distance downstream from t he
nozzle exit

D is the nozzle diameter based on tota
nozzle exit area

Vi is the average jet velocity for conplete
i sentropic expansion to anbient pressure
from average nozzle-exit pressure and
tenperature

f is the 1/3 octave centre frequency

Engine flight conditions

Sone thermodynami ¢ conditions within an engine
tested statically differ fromthose that exist in
flight and account should be taken of this. Noise
source strengths may be changed accordingly. There-
fore, values for key correlating paraneters for
conponent noi se source generation should be based on
the flight condition and the static data base should
be entered at the appropriate correlating paraneter
val ue.  Turbo-machi nery noise |evels should be based
on the inflight corrected rotor speeds N1/ & t2
and jet noise levels should be based on the relative
jet velocities that exist at the flight condition.

The variation of source noise levels with key
correlating parameters can be deternined from the
static data base which includes a number of
different thermodynanic operating conditions
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2.3.3.7

It should be noted that for those 1/3 octave
band sound pressure levels dominated by a
turbomachinery tone, the Doppler shift may move
the tone (and its harmonics) into an adjacent
band.

(2) Source amplitude modification and directivity
changes - sound pressure level adjustments to
airframe generated noise that result from gpeed
changes between the datum and derivative
version is provided for in paragraph 2.3.3.8,
Airframe noise.

For noise generated internally within the
engine, e.g., fan noise, there is no consensus
of opinion on the mechanisms involved or a
unique adjustment method that accounts for the
detailed source modification and sound propa-
gation effects.

If an adjustment is used, the same technique
must be applied to both the flight datum and
derivative configuration when establishing
noise changes. 1In such instances the
ad justment for sound pressure level changes
that result from the motion of the source
(aeroplane) relative to the microphone may be
accounted for using the equation:

SPLf1ight = SPLgtatic ~ K 1og (1-M cosA )

where SPLflight = flight sound pressure level

SPL tatijc = static sound pressure level
and M and4 are defined above and K is a constant.
Theoretically K has a value of 40 for a point
noise source but a more appropriate value may
be obtained by comparing static and flight data
for the flight datum aeroplane.

Aeroplane configuration effects

The contribution from more than one engine on an
aeroplane is normally taken into account by adding
10 logjoN, where N is the number of engines, to each
component noise source. However, it might be
necessary to compute the noise from engines widely
spaced on large aeroplanes particularly in the
approach case if they include both underwing and
fuselage mountings. The noise from the intakes of
engines mounted above the fuselage are known to be
shielded.

If engine installation effects change between the
flight datum aeroplane and a derived version,
account should be taken of the change on sound
pressure levels which should be estimated according
to the best available evidence.
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2.3.3.11

2.3.3.12

The effects of ground reflections nust be included
in the estimate of freefield sound pressure levels
to simulate the sound pressure |levels that would be
measured by a microphone at a height of 1.2 mabove
a natural terrain. Information in SAE AIR 1672B-
1983 or Engineering Science Data Unit, ESDU data
item 80038 Amendnent A nay be used to apply adjust-
ments to the freefield spectra to allow for flight
measurenents being made 1.2 m (4ft). Alternatively,
the ground reflection correction can be derived from
ot her approved analytical or enpirically derived
models. Note that the Doppler correction for a
static source at frequency fgtatic applies to a
movi ng (aeroplane) source at a frequency f £13ipht
where f light = fet Hp /(1 - M cosA) usingt%]e
terminology of 2.3.3.6, b(1).

This process is repeated for each neasurement angle
and for each engine power setting.

Wth regard to lateral attenuation, information in
SAE Al R 1751-1981 applicable to the conputation of
| ateral noise may be appli ed.

EPNL conput ati ons

For EPNL cal culations, a tinme is associated wth
each extrapol ated spectrum along the flightpath.
(NOTE: Time is associated with each neasurenent

| ocation with respect to the engine/aeroplane
reference point and the aeroplane's true airspeed
along the reference flightpath assunming zero wind).
For each engine power setting and mni mum di stance
an EPNL i s conputed fromthe projected tine history
using the methods described in Annex 16, Volune 1,
Appendi ces 1 and 2.

Changes to noise |evels

An NPD plot can be constructed from the projected
static data for both the original (flight datum) and
the changed versions of the engine or nacelle

tested. Conparisons of the noise vs engine power

rel ationships for the two configurations at the sane
appropriate mnimm distance, wll deternine whether
or not the changed configuration resulted in a
change to the noise level from an engine noise
source. If there is a change in the level of source
noi se, a new inflight aeroplane NPD pl ot can be
devel oped by adjusting the neasured original NPD
plot by the amount of change indicated by the com
parison of the static-projected NPD plots for the
original and changed versions within the linitations
specified in 2.3.1 for Effective Perceived Noise
Level .

The noise certification levels for the derived
version may be obtained by entering the NPD plots
at the relevant reference engine power and distance.
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SECTION 3: EQUIVALENT PROCEDURES FOR PROPELLER DRIVEN AEROPLANES OVER 9 000 kg

The following procedures have been used as equivalent in stringency to
Chapter 5 Annex 16, Volume 1 for propeller driven aeroplanes with maximum
certificated take-off mass exceeding 9 000 kg.

3.1 Flight Test Procedures

3.1.1

Flight path intercept procedures in lieu of full take-

offs and/or landings, flight path intercept procedures
as described in 2.1.1 of this manual have been used to
meet the demonstration requirements of noise
certification.

3.1.2 Generalised flight test procedures (other than normal
noise demonstration takeoffs and approaches) have been
used to meet two equivalency objectives:

a) to acquire noilse data over a range of engine power
settings at one or more heights: this information
permits the development of generalised mnoise
characteristics necessary for certification of a
"family” of similar aeroplanes. The procedures used
are similar to those described in 2.1.2.1 with the
exception that the NPD plots employ engine noise
performance parameters ( #4) of My (propeller helical
tip Mach number) and SHP/8amb (shaft horse power) (see
Fig 3)
where gamb is defined in 2.1.2.1.

b) Noise level changes determined by comparisons of fly-
over noise test data for different developments of
an aeroplane type, for example, a change in propeller
type, have been used to establish certification noise
levels of a newly derived version as described in
2.1.2.2.

3.1.3 Determination of the lateral noise certification level
employing an alternative procedure using two microphone
stations located symmetrically on either side of the take-
off flight path similar to that as described in 2.1.3 has
been approved. The following paragraphs describe the
procedures for propeller-driven heavy aeroplanes.

3.1.3.1 The lateral Effective Perceived Noise Level from

propeller driven aeroplanes when plotted against
height opposite the measuring sites can exhibit
distinct asymmetry. The maximum EPNL on one side of
the aeroplane is often at a different height and
noise level from that measured on the other side.
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i-6 CAEP/1 - Report

Agenda Item4: Aircraft Engine Em ssions

Review of the report of the focal point with a view to devel opi ng
future course of action

Agenda Item5: Future activities of the Committee

6. Terns of reference

To undertake specific studies, as approved by the Council, related to
control of aircraft noise and gaseous emi ssions fromaircraft engines.

In its work the Conmittee shall take into account the follow ng:

a) effectiveness and reliability of certification schemes from
the viewpoint of technical feasibility, econonmc
reasonabl eness and environnental benefit to be achieved

b) devel opments in other associated fields, e.g. land use
planning , noi se abatenent operating procedures, emn ssion
control through operational practices, ete; and

¢) international and national programmes of research into
control of aircraft noise and control of gaseous em ssions
from aircraft engines

7. Wrk Programme

A AL RCRAFT NO SE

1. Noise certification of helicopters

a) Further devel opment of noise certification Standards and procedures
including review of technological developnment, examnation of
practicability and econonic reasonabl eness of increasing stringency
for different types of helicopters including their derived versions

and further devel opnment of test procedures including equivalent
procedur es.

b) Analysis of noise certification data collected from States on
helicopters.

2. Noise certification of propeller-driven aeroplanes

a) Further devel opnent of proposed new Chapter "xX" and the associ ated
Appendi x "x" for possible application to future |ight propeller-
drivenaeroplanes.

b) Analysis of noise certification data collected from States on
propel | er-drivenaeroplanes.
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Noi se certification of subsonic jet aeroplanes

Further devel opnent of noise certification Standards and procedures,

i ncluding exam nation of practicability, benefits and econonmc
reasonabl eness of increasing stringency for different types of subsonic
Jjet aeroplanes, exenption of aeroplanes designed and/or nodified for
speci al tasks, further devel opnent of test procedures including

equi val ent procedures and devel opment of noi se exposure contour

nmet hodol ogy.

Al RCRAFT ENG NE EM SSI ONS

B.
a)
b)
c)
d)
e)
8.

keep under review air quality justifications for any further control of
emssions fromaircraft in the vicinity of airports, including the review
of the means by which this justification nmay be determ ned;

where such air quality justifications are determned to exist, propose
appropriate provisions for the control of emssions fromaircraft in the
vicinity of airports or anmendments to such existing provisions;

revi ew devel opnents in technol ogy which may justify the introduction or
amendnent of provisions for the control of emssions fromaircraft and
propose appropriate provisions or anendments to existing provisions
accordingly;

monitor international and national programmes of research into pollution
of the atnmosphere above 900 metres and propose appropriate action if it
appears that aircraft are significant contributors to this pollution

and

recommend to the Council the addition of any other itens on which the
Conmi ttee considers useful work could be done.

Wrking arrangenents

Al'l itens of the agenda were dealt with by the Conmttee as a whol e.

Various ad hoc groups were set up to deal with specific matters.
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Agenda Item1: Noise certification of helicopters

Further devel opment of noise certification Standards and
procedures including review of technol ogi cal devel oprent,

exam nation of practicability and econom c reasonabl eness of
increasing stringency for different types of helicopters
including their derived versions and further devel opment of test
procedures including equival ent procedures.

1.1 [ ntroduction

1.1.1 Working Goup Il was established by the Coomittee to consider the
further devel opment of noise standards introduced during the Seventh Meeting of
the Committee on Aircraft Noise (CAN). The Wrking Goup was asked to study and
report to the Conmittee on the follow ng:

a) The possibility of further devel opnent of noise certification
Standards with a view to increasing their stringency within the
constraints of technical feasibility and econonic
reasonabl eness.

b) The devel opnent of nmethods to evaluate residual factors and
design uncertainties which have a particular inpact on noise
| evel requirenents

e) The prospects for inproving on noise test specifications and on
t he nmethodol ogy for anal ysis and adjustnent of noise test data.

d) The identification of equivalent procedures for inclusion in
Attachment B of Annex 16, Volume |I.

e) The collection and analysis of noise certification quality data
and historical economc data to assess nethodol ogi es devel oped by
CAN.

£) Noise abatenent and/or alternative test procedures appropriate
for aircraft operations and devel opment of standards in |iaison
with ICAO operational panels.

1.1.2 A conprehensive report on its investigations was prepared by the
Wrking Goup and presented to the Conmittee during CAEP/1. The Committee al so
had before it several related working papers prepared by individual menmbers or
observers whi ch addressed specific aspects of sone of the tasks assigned to the
Wrking Goup. The follow ng paragraphs reflect the results of the Conmttee's
di scussions on the Wrking Goup report and the various working papers.

1.2 Di scussi on
1.2.1 Gener al

The Committee noted that Working Goup Il had held three technica
meetings prior to CAEP/1. During those meetings, 49 working papers and 58
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information papers were presented for consideration. In addition, a subgroup
meeting was held for the purpose of analyzing test results obtained under the
Hel i copter Noi se Measurenent Repeatability Program (HNMRP) conducted by ei ght
participating member States. Finally, a fourth neeting conpleted drafting of the
final report of the Wrking Goup. The Conmittee acknow edged the excellent work
done by all of the menbers of the Wrking Goup in discharging their tasks and
thanked in particular the group’s rapporteur, M. J.0. Powers and M. S. Newman
for their outstanding efforts

1.2.2 The helicopter programe

1.2.2.1 Flight test noise data

Flight test noise data for the conpilation of a helicopter noise data
base have been generated from several sources since the CAN/7 neeting. Some
Wrking Group nenbers have conducted flight test programmes for conparison of the
noi se | evel neasured data with the Annex 16, Chapter 8 Standards. In this
category a limted amount of data was received in response to the CAN/7
Recommendation 1/4, which requested ICAO nenbers to present noise data for
hel i copters using the recommended fornat devel oped during CAN/7. A substantia
amount of flight-test data has been acquired in the conduct of the structured
repeatability tests and tests for the assessment of noise abatenent operating
procedures which are discussed in Sections 1.2.2.2 and 1.2.2.4 bel ow.
Additional ly, flight tests data have been acquired fromtest programmes desi gned
specifically to explore the prospects for alternative test procedures in
accordance with the Terns of Reference

1.2.2.1.1 Data for assessment of Standards

The majority of the data that are suitable for conparison with the
Annex 16 noi se |evel Standards was submitted in response to Recommendation 1/4 of
the CAN/7 meeting. The data are tabulated in Table 1 .1and presented graphically
in Figure 1.1. It is noted that twenty-four individual helicopters are
represented. Additional data points may be available as further analysis of test
data fromflight test programmes becones available and as 1CAO nenber nations
i npl ement the Annex 16, Chapter 8 Standards. The Conmittee agreed on a revised
format for the data collection sheet to include fly-over height after take-off,
as indicated in Attachment ¢, which is to be used in the future.

1.2.2.1.2 Aternate test procedures

a) At can/7 the Comrmittee considered examination of alternate flight
procedures to be an appropriate area for investigation. The
concept originated as a result of anticipated difficulties in
neeting the approach noise level limts. These difficulties were
expected because of the high probability of an inpulsive noise
conponent resulting from the blade-vortex interaction during the
6 degree approach test. Since approaches to heliports would not
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standards and woul d, because of the additional test runs
required, constitute an unnecessary econom ¢ burden.  Another
nenber pointed out that in his State, if a helicopter failed to
meet the noise standards at any of the approach angles, it woul d
not be allowed to operate under those conditions. After some

di scussion, during which industry representatives accepted the
additional burden in the interest of refining the Standard,
changes to the wording of the alternative nethod material were
accepted and the Cormittee agreed to the proposed guidelines as
amended.  Accordingly, it is recomended that guidance materia
in Attachment A to this part of the report be included in

Annex 16 to encourage States to evaluate this alternative nethod
of establishing conpliance with the approach test requirenments
However, consideration of this and other procedures could be
continued as part of a future work programme for Wrking

Goup I1.

1.2.2.1.3 Inpulsive signal record problems

a)

b)

A technical issue related to helicopter noise neasurenent was
raised at the WG I1I/1 meeting. One nmenber suggested that
flight-test noise data, in general, would be subject to
inaccuracies resulting from signal clipping because of the

i mpul sive character of helicopter noise. This issue was
investigated independently and the findings of the investigation
were reported to the wG 11/2 neeting. Specifically, it was
evaluated by exploring the |owfrequency characteristics of tape
recorders in response to large anplitude sine wave pul ses at
varied repetition rates which resulted in high crest factors
(i.e., as large as 24 dB) sinulating helicopter blade-vortex
interaction noise

A direct record Nagra 1VSJ and an FM record B&K 7005 magnetic
tape recorder were used in the investigation. The signals were
simul taneously recorded by each recorder and reproduced using an
oscilloscope to nonitor the waveforns and an FFT narrowband

anal yzer to determine the power spectrum of the signals. The
input and output signal waveforns were conpared, and while no
deterioration was observed, the Nagra output was shifted

180 degrees in phase. The power spectrum data indicated that the
reproduced signal was not affected by the phase distortion. The
RMS | evel of the reproduced signal for four 1/3-octave bands and
for the energy-sumed overall levels agreed within 0.2 dB at al
test frequencies and crest factors ranging from1oto 24 dB. It
was concluded that although the |ow frequency non-1linear phase
response of the direct record tape recorders can alter the signa
phase relationship, either the direct record or FM recorders are
conpl etely adequate for certification measurements of inpulsive
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TABLE 1.1

HEL| COPTERS
ROTORS.
HEL| COPTER ENGI NE( S) MAIN/TAIL MEASUREMENTS MISC.
MTOM MAI N 0.9VH | vy T0. [F.O. |L.
MANUFACTURER TYPE (ke) MANUFACTURER NO. DIAM. DATE M/S) (M S) [EPNdB |EPNdB FPNdB IREMARKS
MEAN [ 0.9 v
YEAR OF MLM MTOP TAIL |NO OF | ORG TEMP | VNR  |TEST ICA0  VALUES I NFO
IST C.A. MODEL (ke) MODEI (KU) | NO. [p1AM. BLADES | RESP. [(0) | t(M/s) [(M/S) EPNdB TYPE
Agusta A109 2600 |Allison 2 11.00 5/80 66.00 [30.90 [92.40 |91.80 [93.00
1976 A 250~C20B 313 |1/1 |2.030 4/2 | ITALY 25 |[73.20 94.20 [93.20 [95.20 B
Bel | 206L 1814 |Allison 1 11.28 6/78 61.20 |26.80 |85.90 (85.80 (90.30
Longr anger 250-C20B 313 [I/I [1.580 2/2 | FAA 92.60 |91.60 [93.60 B
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HELICOPTER ENG NES | ROTORS MAINTAIL MEASUREMVENTS | M SCELLANEQUS
Max. 704 F.0 L. |Remarks Type
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anufacturer| Type |MTOM .l Number| Mean P p
” (Kg) & "P° Juzor | No. gg:de: speed (RPM) Temp {mls) [im/s) [EPNGB|EPNABIEPNAE at 159C) infor.
S (kW) . - .
ssa I(J;;metet o Fly Attl organts. (CO) ()("')‘\/ISE Velni ICAO limits mation
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¥ ove d | respon T o/e) EPNJB
I
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M
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332l 1A 2430 3.65 r{mn 1 7732 2305 99,22 [eg,22 100,22 Ilimit 2235 kW
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— lois 520kW—____ |
NOTES

A Measurements for purposes of certification.

§ Measurements taken with high quality methods similar t o

¢ Thé levels are calculated from general flight tests.

certification,but not conducted specifically for cert. purposes.
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1.2.2.2.2 Programme participants’ test results

a) The helicopter noi se measurement repeatability program (HNMRP)

was participated in by eight Wrking Goup Il nenber States.

| ndependent programmes were run by Japan and Australia and

t wo- menmber programme teans were forned by France and Italy, the
United Kingdom and the Federal Republic of Germany, and the
United States and Canada. All of the menber teans performed the
core test (i.e., the basic ICAO Chapter 8 test) with the
necessary speed runs for source noise determnation. In addition
to the basic core programme, several of the participants ran
static tests for the measurenment of helicopter noise in the
hovering nmode and al so explored varied altitude and different

| andi ng approach techniques. Sone of the programmes additionally
utilized more than one helicopter test pilot to observe noise
differences which could be attributable to pilot-to-pilot
variations in operational technique

b) The Australian test programme was conducted using a Bell 206L-1

c)

model at Mangalore Airfield in Victoria, Australia, on

Sept enber 13 and 14, 1984. Mangalore is approximtely 100 km
north of Melbourne. Test series included the basic core
programme, as well as optional approach operations at 6 and

9 degree glide slopes for a variety of airspeeds. The Australian
programme al so included additional |evel flyover series at 150,
250, 300 and 350 metres above ground level. The Australian
certificating authorities used the HNMRP participation
opportunity to update and refine Annex 16 data processing
software.  Their programme included use of a relatively nove
tracking system (for noise certification purposes) which involved
an optical tracker for azinmuth and elevation angle along with a
DME M ni-Ranger 111 providing range to the tracking site.

The French-ltalian test programre was conducted on a Bell 206L-1
helicopter in Cctober 1984. One Italian and two French

| aboratories, Aérospatiale and STNA (DGAC), were involved in the
measur ement programme conducted at La Fare des Oliviers near
Marseille. Wth the Italian Agusta participation and one

measur ement system depl oyed by the United States FAA an
opportunity was provided for assessnent of the variability of the
hel i copter noise results by four independent |aboratories. The
test programme utilized a photo-kinetheodolite tracking system
and renote synchroni zed transport control on all tape recording
systems. In addition to the core programme, |evel flyovers were
conducted for various airspeeds and at altitudes of 150 and

250 metres above ground |l evel . The test programre al so expl ored
the effects of early rotation during the 1cAO take-off operation
Approaches were nade at 6, 9 and 12 degrees with different speeds
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and airspeeds. The effect of approach flight path guidance on
approach noise levels was also explored in the test series using
m ni mal gui dance and in others with both verbal and visua

gui dance.  Helicopter cockpit data were recorded using a video
recorder. A neasurenent technique capable of quantifying the
wind mcro-structure was enployed to obtain insight into possible
effects resulting from wind gradients and turbulence. Tracking
data were acquired for conparison purposes using three

i ndependent techniques, 1) radar, 2) laser, and 3) photo-scaling

g) Prelimnary results indicate day-to-day or pilot-to-pilot

differences generally less than 0.6 dB, however, two test series
resulted in greater differences. The degree of flight path

gui dance al so appears to have a negligible effect on noise

|l evel s for the Bell 206L-1. Internal consistency was clearly
evident in conparing the four repeats of the 1CAO core
operations. PNLTM data plotted against advancing bl ade tip Mach
number support the concept of separate source-noise correction
functions for each of the three certification m crophone

| ocat i ons.

1.2.2.2.3 Findings and conclusions

a) As had been anticipated, the HNMRP tests yiel ded considerable

b)

insight into areas of Chapter 8, Annex 16, which could be
nodified for inprovenent (i.e., for inprovements in testing
consi stency or in ease of testing). These areas resulted in two
categories. First, observations that were identified in advance
of conplete data reduction and anal ysis and, secondly,
observations resulting fromthe synthesis of the data and the
detailed analysis of the final data results

To clarify the definition of the reference take-off flight path
presented in Chapter 8, Section 8.6.2.1a) and 8.6.2.1¢f) of
Annex 16, it was agreed that the first segnent level flight path
and the second segment take-off clinb should be represented as
two straight lines intersecting 500 metres prior to the take-off
measurenent point. It was also noted that the best rate of clinb
(BRC) and V_ should_bhe certificated val ues based on a m ni mum
performance” scenario(i.e., variable torque engine, hot-day
cooling requirenents, etc.). The recommended Annex change is
shown in Attachment B, Section 8.6.2.1a) and f).

c) Related to the above discussion on the definition of the

reference take-off flight path there was considerabl e discussion
on the issue of mninmzing the adjustnents fromthe test take-off
flight path. It was agreed that the existing Section 9.2.1 of
Appendi x 4 coul d be nodified as shown in Attachment B and that
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d)

e)

the magnitude of each of the conponent parts of the adjustments
given in Section 8.7.5 should be specified. This is to be
acconplished by limting the A correction, which is related to
the test deviation fromthe reference flight path, to a value of
2.0 EPNdB. The recommended Annex changes are snown in
Attachment B, Section 8.7.5 and Section 9.2.1.

The issue of the appropriate flyover speed to be used in |eve
flyover testing resurfaced during the helicopter noise
repeatability test programme. Since Vyg My not relate to the
level flight condition linmt for all alrcraft, it was suggested
that the value of vy, the maximum level flight speed associated
with installed maxi num engine power, or torque, or other
continuous limt, should be used as a reference where Vyp does
not first intervene. Difficulties were identified with Ehe
specific definition of vy and regulatory | anguage was suggested
for the purpose of noise certification testing. The resulting
Chapter 8 nodifications and an additional Note are indicated in
Attachment B, Chapter 8, Section 8.6.3.1b).

It was observed during the HNMRP testing that differences in the
measured values on the order of 0.5to 0.7 dB could result from
differences in the response characteristics of the analysis
systemused. Since all of the analyzers used could neet the
dynam ¢ response characteristics in Annex 16, Appendi x &4,
Section 3.4, it was agreed by the group that the detector/
integrator characteristics should be redefined to elimnate the
source of variability. One nenber additionally suggested that
the International Electrotechnical Commi ssion (IEC) be asked to
define these characteristics. A proposed rewording is indicated
in Attachment B, which would alter the rising response
characteristics and provide two falling response requirenents

f) Early evaluation in the progranme of the source noise adjustnent

g)

indicated that the appropriate adjustment paraneter should be
PNLTM, which could be defined as a function of the advancing
rotor-blade Mach nunber. The use of this sensitivity paraneter
woul d avoid possible confusion in adjustnents related to duration
effects. The Wrking Goup agreed to recomend the revision
presented in Appendix 4, Section 9.5 of Attachnent B.

ndustry expressed the view that there may be a change in noise

| evel stringency resulting from many of the proposed amendnents
These stringency issues have yet to be assessed. Likewise, the
resulting added conplexity and certification costs have not been
evaluated. The industry also expressed the view that the
proposed changes be placed in the guidance section of Annex 16to
allow further study and assessnent
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the proposed Appendi x 4, Part 9, amendnent proposals indicated in
Attachnent B.

e) For the overflight condition, there was still considerable debate
on how to specify noise source correction requirements. It was
acknow edged that further work was needed to explain or even to
understand the variabilities in test results, and that the
bl ade-tip Mach nunber vs. PNLTM val ues which were used in the
repeatability tests may not even reflect the dom nant noise
source (in some cases it could be the tail rotor or engine noise
for exanple). Wth this factor in mnd, the Conmttee agreed to
new wording for Section 9.5 of Appendix 4, as indicated in
Attachment B. However, the Committee stressed that, in adopting
t he wordi ng of paragraph 9.5, as proposed by Wrking Goup Il and
revised by the Conmttee during this neeting, it agrees that the
subject of further research into the paraneters influencing and
varying helicopter noise during level overflight is an
appropriate itemfor the future work programme of the CAEP.

f) There was sone discussion on reducing the acceptable noise |evels
for helicopters. Several menbers favoured such an action in the
future, but without data on the resulting effects on cost and
conplexity, there was reluctance to change at this tine.
Consequently, the Conmittee elected to retain current noise |eve
requirements

1.2.2.3 Econom ¢ assessment of possible future standards

Further devel opment of noise certification standards should be
acconplished within the constraint of econom c reasonableness. CAN/7 considered
a nmet hodol ogy which was considered useful in assessing the operational cost of
hel i copter noise nodifications. It was suggested that the econom ¢ nethodol ogy
could be nodified as necessary and updated to represent conditions in the
1985-1986 ti mefrane. The concept of helicopter productivity as used in CAN/7 and
data from a recent trade publication, which had corresponding productivity
factors, were dissemnated to the group for evaluation. Analysis of the data
indicated that major errors in the productivity factors could be introduced
depending on the interpretation of the econom c nethodol ogies guidelines. These
errors resulted from the differences in designation of passengers and/or pilots
definitions of payload, and definition of the normal cruising speed of the
helicopters. It is inportant that future nethodol ogies used to assess econom ¢
reasonabl eness of noise-control features, be developed on a fair and consistent
basis. It is, therefore, suggested that the methodol ogy be updated for
consistency in this area, as well as for other current economc factors. One
menber cautioned the Commttee not to place too much enphasis on economc
consi derations, but to balance those with the environmental protection
considerations. After noting the general agreenment on this point the Conmttee
agreed on the methodol ogy nodification in paragraph 1.2.2.3.2 below. |t was
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TABLE 1.2

GUIDE FOR THE PRESENTATION OF HEL| COPTER OPERATI NG COST ESTI MATES

DIRECT QPERATING QOST (Variable) $ US

1. TFuel and Iubricants
Gross:mg t {8% I‘L.gss than %ax%mm dC);rtified
Cruis peed SS than or t Weight
Altitude 1 000 Ft, ISA Day
Fuel Cost 2%.90
Lubricants of anine Fuel

2. Direct Maintenance

a) Airframe

Item Parts Cost

Inspection Manufacturers Price Fstimate

Overhaul Pro e:(t] lI)’art:s Cost of mm

y Expected Ac

Unscheduled/ Manufacturers Price Estimate

on condition

Retirements Prorated Price of Life~Limited Items
b) Engines

1) Inspection Based on Engine Manufacturers Price
Overhaul Module and Cost Divided

by Expected Ac TRO's

Unscheduled/  Line Maintenamce Parts Price
on condition

or

Labor Cost*
Marhours (MH) per flight hour
based on acturers data

Mi/FH - manufacturers data fram
operator surveys

Mi/FH - from operator surveys

Mi/FH - based on mamufacturer
replacement estimate divided
by hours of life limit

MI/FH based on mamufacturers data
MH/FH - Engine mamifacturers data

MH/FH - From Operators Surveys

1) Mamufacturer Supplied Exchange Price or Power-by-the—Hour

chever is Least Fxpensive)
#Direct Maintenance Labor Cost at $35/hr
INBIRECT OPERATING COSTS (Fixed)
3.

t-600 Hr/Yr/Pilot
11m~800 Hr/Yr/Pilot
Heavy-1200 Hr/Yr/Pilot

4, rance
8% of Flyaway Cost Per Year

5. Depreciation/Amortization of Investment
reciation i1s 107 Per Year of Initial Investmen
valent to Straight Line Over 10 Years to 0 Residual)

6. Interest
U.S. Prime Rate + 2pts. Applied to 807 of Flyaway Cost
7. rhead
100Z of Items 2a) and 2b) Labor and 3) Crew Costs/hr

Costs
$35, 000/Yr/Crew Member ~ No. Crew Specified by Manufacturer
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1.2.2.4 Noi se abat ement operating procedures

The subject of noise abatement operating procedures was raised during
the CAN/7 meeting. Wrking Goup |l was subsequently directed to study and
report on noise abatenment operating procedures by the Terms of Reference, and
consi deration of noise-abatenent operating procedures was retained as a part of
the WG/II programme for helicopters. Two very extensive flight test programmes
have been conducted by Wrking Goup menbers with the objective of specifying
noi se abatenment operational procedures which could inprove the environmenta
acceptability of helicopters. The two programmes evolved in a different manner
one addressing prinmarily the detailed capabilities of noise control, which would
be aircraft specific, and the other progranme addressing more generalized
procedures with the objective of presenting them as broad gui dance material for
controlling the helicopter noise. The group in any event had been apprised of
the inportance of devel oping such operational procedures in liaison with the ICAO
Hel i copter Operations Panel

1.2.2.4.1  Arcraft specific operational procedures

a) The French nmenber provided the Wrking Goup with results of an
extensive noise-control operational procedures study conducted
using a SA-365N Dauphin helicopter. The study was designed to
explore the best operational technology available to reduce noise
in the comunity resulting from helicopter flyovers, take-offs,
or approaches. The programme was conducted in two phases, wth
the first phase addressing the use of operational procedures to
mnimze noise at the source and the second phase addressing
operational procedures which woul d produce the "least noise"
acoustic inpact on the ground. The first phase addressed
primarily the reduction of inpulsive noise. The second phase
produced “acoustic iso-level™ contour curves from neasurenents
recorded using a 24 m crophone array.

b) The flyover procedures consisted of stabilized overflight at a
300 metre al titude, using flight speeds varying over a range of
approxi mately 70 knots and with two values of gross mass. The
take-offs were conducted using three different procedures
designed to rapidly increase the distance between the helicopter
and the ground. The approach procedures were varied to avoid
operation at the high inpulsive conditions associated wth
bl ade-vortex interaction. The ICAO Annex 16, Chapter 8
procedures were followed in all operational nodes. The "acoustic
iso-levels", which were developed for take-offs followed by |eve
flyovers and approach preceded by the 300-metre flyover, clearly
identified the mninmumwdth noise-inpact corridors for the
Dauphin helicopter which are achievable with different
operat i onal procedures . Fromthe study of the SA-365N helicopter
noi se-inmpact patterns, it was seen that bypassing quiet areas on
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associated with typical helicopter operations; however, it was
again noted that many of the noise controlled operations were
effective on an aircraft-specific basis. The data acquired wll
be useful in providing guidance in the devel opment of helicopter
operational noise control procedures and will be useful in the
environnental planning for future heliport designs

1.2.2.4.3 Concl usi ons

The flight test programmes conducted by Working Goup Il menmbers have
provi ded valuable information on the specifics of noise abatenent operationa
procedures. The data generated will be useful in planning operations in the
vicinity of heliports. In fact, permssion to operate aircraft into sone
heliports may be subject to noise restrictions. One way to accommodate these
restrictions would be through identification of noise abatenent operationa
procedures and resulting noise levels in the aircraft operational manual. In
view of the highly aircraft-specific nature of noise abatement operationa
procedures and of the early stages of devel opment of these procedures, it was
agreed that it would be premature to recommend specific procedures. A though
sone menbers felt the Committee was ultimately responsible for devel oping
hel i copter noise abatenent procedures, the nmajority concluded that the Conmittee
could only advise on operational procedures. Further, the CAEP could certainly
make specific procedural reconmendations to the HELIOPS Panel. It was suggested
and agreed that copies of this report, including information on the two
operational procedure tests, would be nade available to nmenbers of the HELIOPS
Panel by the 1CAO Secretariat. Future review of operational procedures, in
co-ordination with the HELIOPS Panel, may be considered a potential area for
further work in helicopter environnental noise control

1.2.3 Speci al issue

1.2.3.1 A special issue considered by the Wrking Goup dealt with the
applicability statement in Section 8.1.10f Chapter 8 dealing with the exceptions
noted for agricultural, fire fighting, or external load carrying helicopters
The group noted that the CAN/7 reconmendation which included the phrase

v, . except those designed exclusively for . . .m had been editorially changed to
read "The Standards of this chapter shall apply to all helicopters except those
specifically designed for agricultural fire fighting, or external load carrying
purposes ." The group believed that the revised wording could lead to
questionabl e exceptions based on inappropriate interpretation of the words

n, .. specifically designed for . . .m. Accordingly, the group decided to
reintroduce the can/7 proposed wording which is indicated in Attachment B.

1.2.3.2 There was consi derabl e discussion during CAEP/1 on the appropriate
wording for 8.1.1b). A proposal had been made to change the word “significant”
to "adverse" which woul d then nean that derived versions of an existing
hel i copter would not have to have a new noise certification unless they were

noi sier than the original version. Some menbers felt that this left a |oophole
allowing an endl ess stream of derivatives which would never be noise
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e) conpletion of a study of the issues of speed control on
approach;

f) study of the need for continuous tracking during testing;

g) investigation into the subject of paraneters influencing and
varying helicopter noise during level overflights; and

h) consideration to developing a sinplified certification scheme for

light helicopters in the light of the higher relative cost of
hel i copter noise certification.
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2.3

Approach reference procedure

The approach reference procedure shall be established as follows:

a)

b)

c)

d)

e)

the helicopter shall be stabilized and follow ng approach paths
of 3°,6°,and 9°;

the approach shall be made at a stabilized airspeed equal to the
best rate of clinb speed V, , or the |owest approved speed for the
approach, whichever is t hé greater, with power stabilized during
the approach and over the flight path reference point, and
continued to a normal touchdown;

the approach shall be made with the rotor speed stabilized at the
maxi num normal operating rpm certificated for approach;

the constant approach configuration used in airworthiness
certification tests, with the landing gear extended, shall be
mai ntai ned throughout the approach reference procedure; and

the mass of the helicopter at touchdown shall be the maxi mum
| anding mass at which noise certification is requested.”
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1-B-3

Rel evant existing text of
Annex 16, Vol ume |

Proposed anendnent

8.7 Test procedures

8.7.5 Adjustments for differences
between test and reference flight
procedures shall not exceed 4.0 EPNdB
on take-off or 2.0 EPNdB on overflight
or approach.

8.7.5 Adjustnments for differences
between test and reference flight
procedures shal | not exceed:

a) for take-off 4.0 EPNdB, of which
- the arithmetic sumof Al and the
term-7.510g (QK/QrKr) fromaz2
shall not in total exceed

2.0 EPNdB;

b) for overflight or approach
2.0 EPNdB.

8.7.6 Adjustments for differences
between test and reference noise

measur enent positions shall be included}

with the flight procedure adjustnents
of 8.7.5 and limted accordingly.

8.7.6 During the test the average
rotor rpm shall not vary fromthe
normal MaXi mum operating rpm by nore
than +1.0 per cent during the

10 dB-down tine peri od.

8.7.7 The helicopter airspeed
shal | not vary fromthe reference
ai rspeed appropriate to the flight
denonstration by nore than +9 knf h
(5 kt ) throughout the 10 db-down time
period

8.7.8 The helicopter shall fly within
+10° fromthe vertical above the
reference track through the centre
reference NOi Se measurenent position
t.hroughout t he 10 db-down time peri od.

8.7.9 During the approach noise
ddenonstration the helicopter shall be
stabilized and fol |l owing a steady glide
slope angl e of 6° +0.5°,

8.7.10 Tests shall be conducted at a
helicopter mass not |ess than 90 per
cent of the relevant nmaxi num
certificated mass and may be conduct ed
at a nmass not exceeding 105 per cent of
the rel evant maxi num certificated

n ass.
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Rel evant existing text of
Annex 16, Vol une |

Proposed anendnment

APPENDI X 4. - EVALUATION METHOD FOR
NO SE CERTI FI CATI ON OF HELI COPTERS

3.4 Anal ysi s system
3.4.1 The requirenents relating to the

anal ysis system are those of
Appendi x 2, 3.4. X

C

except for the response
haracteristics which are defined in

Appendi x 4, 3.4,2,

3.4.2 For each detector/integrator

the response to a sudden onset or
interruption of a constant sinusoida
signal at the respective 1/3-octave
band centre frequency shall be neasured
at sanpling instants 0.5s,1s,1.5s
and 2.0 s after the onset and 0.5 s and
1.0 s after interruption. The rising
response at 0.5s shall be -4 +1dB,
and at 1s -1.75 x0.5 dB, at

1.5 s -1.0 +0.5 dB, and at 2 s

-0.5 £0.25, rel ative to the

steady-state level. The falling
response shall be such that the sum of
the decibel readings (below initia
steady-state level) and the
corresponding rising response reading
is 6.5 +1dB, at both 0.5 s and 1 s and
on subsequent records the sum of the
onset plus decay nust be greater than
7.5 deci bel s.

Note 1.- For analyzers with |inear
detection an approximtion of this
response woul d be given by:

Wi ghting Coefficients for Sinulation

of SLOW Response

33%
24%

21%

Current (Li) % s record:
Previ ous (Li-1) % s record:
Second (Li-2) % s record:

Third (Li-3) % s record: 17%
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Rel evant existing text of
Annex 16, Vol une | Proposed amendment
9. ADJUSTMENTS TO FLIGHT TEST RESULTS

9.1 General

1.1 Adjustnents fromtest to
eference conditions need not be made
f the following test conditions are
ompliedw t h:

a)

b)

c)

the helicopter shall fly within
+10 m(33ft) vertically and #10
fromthe zenith of the reference
flight track throughout the

10 db~-down ti me peri od;

the helicopter airspeed shal
not vary fromthe referene
airspeed appropriate to the
flight denonstration (e.g. V
0.9Vy) by nore than +£9 km
(£5 kt) throughout the

10 dB-down time period. As far
as overflight is concerned, the
average difference between test
airspeed and reference airspeed
(see Chapter 8,8.6.3.1) shal
not exceed 4 kmh (2.2 kt);

y’

test shall be conducted at nass
not less than 90 per cent of the
rel evant nmaximum certificated
mass and may be conducted at

nmass not exceedi ng 105 per cent
of the relevant naximm

certificated namss;

1delete
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average difference between test
airspeed and reference airspeed
(see Chapter 8,8.6.3.1) shal
not exceed 4 kmh (2.2 kt);

y’

test shall be conducted at nass
not less than 90 per cent of the
rel evant nmaximum certificated
mass and may be conducted at

nmass not exceedi ng 105 per cent
of the relevant naximm

certificated namss;

1delete
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Proposed amendment

b) sound attenuation in air;

c) paraneters affecting noise
generating mechanisms (e.g
rotor rpm, helicopter airspeed).

») in the overflight case

par amet ers
affecting the noise generating
mechani sms such as those described
in Section 9.5.

9.1.3 Where adjustnents to the
measured noise data are nade, they

shal| be made using the methods
prescribed in 9.3 and 9.4, for
differences in the follow ng

a) attenuation of the noise along
its path as affected by “inverse
square" and at mospheric
attenuation:

b) duration of the noise as
affected by distance and speed
of aircraft relative to the
flight path reference point.

9.1.2 Adjustnents to the measured
10ise data

¢) the adjustment procedure
described in this Section shal
apply to the side-line
m crophones in the take-off,
overflight, and approach cases.
Al'though the noise emssion is
strongly dependent on the
directivity pattern, variable
from one helicopter type to
anot her, the propagation angle o,
defined in Appendix 2, 9.3.2,
Figure 2.10, shall be the same
for the test and reference flight
paths. The elevation angle v
shal | not be constrained as in
the third note of Appendix 2,
9.3.2, but nust be determned and
reported. The certification
authority shall specify the
acceptable limtations on v.
Corrections to data obtained when
these limts are exceeded shal
be applied using procedures
approved by the certificating

authority
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a) The helicopter is initially
stabilized in level flight at
the best rate of clinmb speed,
v,, at point A and continues to
p%rnt B where take-off power is
selected and a steady clinb
initiated. A steady clinb
condition is achieved at point
and continued to point ¥, the
end of the noise certification
take-of f flight path

e) The distance TMis the distance
over which the helicopter position
is neasured and synchronized with
the noi se neasurenents (see 2.3.2
of this Appendix).

>

a) during actual testing the
helicopter is initially
stabilized in level flight at
the best rate of clinb speed
V,, at a point A and continues
to a point B where take-off
power is applied and a steady
climb is initiated. A steady
clinb shall be nmaintained
t hroughout the 10 dB-down peri od
and beyond to the end of the
certification flight path
(point F).

Note. - The position of Foint B naz
vary withinthe linits allowed by the
certificating authorities.

-
P

| { 2
JA FF MEASUREMENT DISTANCE
MEASUREMENTS MADE OVER THIS RANGE

FIGURE &1.~ TYPICAL TAKE-OFF PROFILE
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|
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Note 2.~ When using advancing bl ade

tip Mach nunber it should be conputed
using true airspeed, on-board outside
air tenperature (QAT), and rotor

speed.
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Agenda Item 2: Noise certification of propeller-driven aeroplanes

Further devel opment of proposed new Chapter "X" and the
associ at ed Appendix "x" for possible application to future |ight
propel | er-drivenaeroplanes.

2.1 Li ght propel |l er-driven aeroplanes
2.1.1 | ntroduction
2.1.1.1 It was noted that noise standards for |ight propeller-driven

aeroplanes (LPDA) are at present contained in Chapter 6 of Annex 16, Vol une I|.
However, at the Seventh Meeting of the Conmittee on Aircraft Noise (CAN/7) held
in 1983, it was recommended (Recommendation 2/2) that a trial application should
be made by manufacturing States of a proposed new Chapter X (with associated
Appendi x) for Annex 16, Volume | for the noise certification of LPDA. The new
Chapter X differed from Chapter 6 mainly in requiring noise measurements to be
made during a climb-out procedure, rather than during an overflight procedure
and in specifying nore corrections to the neasured noise for deviations fromthe
standard test conditions. At the time of CAN/7, it had not been possible to set
proposed noise limts for use in Chapter X.

2.1.1.2 CAN/7 established a working group (WG/II) to undertake further work
on the noise certification of LPDA which included a nunber of topics directly
related to the proposed new Chapter X of Annex 16, Volume |. Wen the Conmittee

on Aircraft Noise was subsequently disbhanded and CAEP was established; the same
work was transferred to wG/II of CAEP.

2.1.1.3 Wrking Goup Il, which included alnost all nenbers of the Conmittee
or their representatives held four nmeetings (in Ansterdam Boston, Tokyo and
Otawa) and hel d extensive discussions on all aspects of the proposed new
Chapter X. The neeting discussed the report of WG/II as well as individua
wor ki ng papers on issues raised by the report and related matters as indicated
bel ow.

2.1.2 Retention of Chapter 6

An observer questioned the desirability of introducing the new
Chapter X since conparison between aeroplanes certificated to Chapter 6 and to
Chapter X would be difficult. Furthermore, under Chapter X high performance
aeroplanes Which might be very noisy during the take-off run would be able to
climb rapidly to reach a high altitude over the measuring point, thereby
satisfying the certification requirenents. |t was however pointed out that it
was one of the objectives of Chapter X to be nore representative of real-life
situations such as that described where credit was obtained for better
per f or mance .
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2.1.3 Flight test data

As reconmended at CAN/7 a considerable amount of flight testing in
accordance with Chapter X had been carried out and a significant data base had
been built up. Wnd tunnel tests had also been carried out with a viewto
determning the correlation between noise measurements made during flyover in
accordance with Chapter 6and during clinb-out in accordance wth Chapter X.
These tests, which had been conplemented by flight tests, had shown the inportant
acoustic effect of non-normal airflow into the plane of the propeller

2.1.4 M scel | aneous matters relating to test and anal ysis

The Working Goup made recomrendations relating to a nunber of
different aspects of the Chapter X test and analysis procedures which were
accepted by the neeting. These were as follows:

a) The flight tests had revealed that some data mght be unreliable
because of inaccuracies in sone mechanical tachoneters. A
provision which specified the tachometer accuracy required during
flight testing was therefore developed for inclusion in
Chapter X;

b) a revised correction for non-reference atmospheric absorption
when test conditions were outside the reference "window"
conditions of tenperature and humdity was developed. This was
necessary because of the change of reference tenperature from
25°C to 15°C;

c¢) editorial changes were made and a clarifying note was added to
the specification for the power to be used during the second
phase take-off reference procedure;

d) due to the sensitivity of noise measurements to the air in-flow
angle to the propeller plane nentioned in 2.1.3 above it was
considered that some control was needed on the mass of the
aeroplane during flight test since this would affect the angle of
attack. Limts were |ikew se placed on variation of the
aeroplane speed at which the clinb-out tests should be conducted;
and

e) to reduce the conplexity and cost of testing it was proposed that
the necessary test meteorological neasurenents could be nade
1.2 metres above the ground rather than 10 metres.

2.1.5 Adj ustment of test results

2.1.5.1 It was noted that the Wrking Goup was suggesting changes to the
Chapter X procedures for adjusting measured noise |levels for variations in
propel ler helical tip Mach No. and for engine noise. These changes were based
upon data obtained during the wind tunnel and flight test programre nentioned in
2.1.3above.
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years fromthe date of inplenentation of Chapter X, a 1.2-metre mcrophone shoul d
be used in parallel with a ground mcrophone for certification, with both

m crophones corrected to renove any spectral distortions which could arise from
ground reflections. During this period, the measurements with the 1.2-metre

m crophone woul d be used to determ ne conpliance with the stancard, while the
simul taneous measurenents taken with the ground microphone would be used to
extend the data base, enabling a reassessnent of the Chapter X limts to be
undertaken at the end of the period. The Wrking Goup also considered that sonme
expl anation should be given in the Annex of the reasons for requiring

si mul taneous neasurenents with mcrophones in both positions. It had
consequent|y devel oped draft texts of two alternative explanatory Notes for
inclusion in the Annex for further consideration by CAEP/1.

2.1.6.4 The neeting was advised of work that had been carried out in one
State since the conclusion of the Wrking Goup nentioned above had been reached
It was suggested that if the results of this work had been available to the
Working Goup, its conclusions mght have been different. As a result of this
work, it was proposed that Chapter X should require the use of the ground-plane
m crophone only and that reference to the 1 .2-metre nicrophone should be del eted
Furthermore, it was proposed that the pressure-doubled noise levels neasured by
the ground-plane mcrophone should be corrected to free field values for
conparison with the certification limts. This proposal was nade because the
studies had indicated the serious difficulties which arose in attenpting to
correct nmeasurements nade with a 1.2-metre m crophone for ground reflection
effects which were considered too complex and therefore unsuitable for the

regul atory purpose intended. Anong the factors which had been shown to affect
the 1.2-metre m crophone neasurenents were:

a) the exact height of the mcrophone above the noise reflecting
surface

b) the spectral distribution of the noise;
c) tenperature; and

d) any deviation of the test flight path of the aeroplane fromthe
reference flight path

Note.- The termmfree field" is used to represent the sound |eve
that would be recorded if there were no acoustically reflecting surfaces in the
test area and the term “pressure-doubled” inplies total reinforcement of the
sound level by a large reflecting surface

To overcone these correction difficulties, it was suggested that the better
solution would be to use only the ground-plane nicrophone and adjust the noisc
limts to maintain the same stringency.
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2.1.6.5 In opposition to this proposal, it was pointed out that the large
data base which had been accunul ated and on which the selection of linmts would
have to be based had been collected with a 1.2-metre m crophone and a | ess
extensive data base existed for a ground-plane mcrophone. Furthernore, it was
not accepted, on the basis of test evidence, that a sinple and acceptably
accurate correction procedure for ground reflection effects for the 1.2-metre

m crophone could not be devised. It was noreover felt to be an inportant
principle that the test procedures used shoul d be perceived to have sone
relationship to the position of an observer who mght hear the noise in natura
surroundi ngs, and a ground-pl ane nicrophone did not neet this criterion. It was
recal led that the take-off test procedure of Chapter X had been introduced for
this very reason. It was also nentioned that if a ground-plane m crophone were
used, with corrections to free field conditions, changes to the limts would be
necessary to ensure equival ent stringency and these might be difficult to explain
to a non-technical person who was interested primarily in the environnmenta

impact of the certification schene. Taking all these points into account, it was
considered that it would be much preferable to retain the dual neasurenent
proposal made by the Wrking G oup

2.1.6.6 A nunber of menbers expressed the view that the ground-plane
m crophone showed a clear technical superiority to the 1.2-metre m crophone, but
were concerned at the lack of a data base for the fornmer installation. It was

al so suggested that differences between the objectives of a certification
procedure and an airport nonitoring procedure should not be difficult to explain
and should not be allowed to prejudice the use of the best technical solution
The point was al so made that once a choice had been nade, and the procedure had
been in use for a nunber of years, it would be difficult to change it, even if
the data col |l ected showed another systemto be superior. It was therefore
essential to select the best possible solution fromthe outset. \Wile some
menbers considered that the CAEP was a technical body and should only take
account of technical argunments others felt that the possible public perception
aspect shoul d be given as much weight as the purely technical ones.

2.1.6.7 The nmeeting was advised that the proposal made by the Wrking G oup
which required dual measurement, was not appropriate in the form suggested for
inclusion in an ICAO Annex. A simlar objective coul d however be achieved by
specifying only one microphone position in the Annex and adding a recomendati on
in the report that States be asked to carry out dual measurenents for the purpose
of accunulating a data base

2.1.6.8 A possi bl e conpron se between the opposing views described above was
suggest ed whi ch woul d invol ve simultaneous measurenent by mcrophones in both
positions with the difference in readings obtained fromthe two nicrophones being
used to correct the 1.2-metre mcrophone reading to a value not affected by
ground reflection interference. Some nenbers opposed this suggestion on the
grounds that the 1.2-metre nmcrophone readings would still be subject to the
inaccuracies previously mentioned. It would noreover be difficult to explainto
a non-technical enquirer. This proposal was eventual |y withdrawn.
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period, aeroplanes which could not neet the requirements to satisfy instead the
existing Chapter 6 requirenents (see 2.1.10 of this part of the report) and that
this should allow stringency to be increased

2.1.8.3.2 After a careful consideration of the arguments, the neeting decided
that stringency should not be increased at present. It was however noted that
the level s of stringency of all the provisions in Annex 16 were kept under review
by the Conmittee as a matter of course and could be revised in the future. Three
menbers wi shed to record their disappointment that there had been no increase in
stringency.

2.1.8.3.3 The proposal referred to in 2.1.8.1.2 above was reviewed in |ight of
the subsequent decisions on reference level and stringency. It was agreed that,
as presented, they did not represent neasurable values which could be identified
as an equivalent level of stringency to the Chapter 6 requirenments and they were
adj usted accordingly.

2.1.9 Applicability to derived versions

It was noted that the Wrking Goup had recomended that the
Chapter X provisions be made applicable to all derived versions so that all such
aeroplanes woul d be certificated to Chapter X requirenents as soon as possible.
It was further noted that this recommendati on was based on the assunption that
the definition of a derived version in Part | would be anended. Amendnents to
the definition were consequently agreed. (For a discussion of the amendnment to
the definition, see 3.2.91in the report of Agenda Item3.)

2.1.10 Fallback provi sion

Because of the lack of flexibility in the Chapter X requirements (due
to an absence of trade-off provisions) the Wrking Goup had suggested the
introduction of a provision which would allow applicants not able to neet the
Chapter X requirenents to make application under Chapter 6 instead. This
provision would only be permtted for the first five years of the applicability
of Chapter X. This proposal was agreed by the meeting

2.1.11 Recommendat i on

In light of the preceding discussions, the neeting devel oped the
fol | owi ng recomendations

RSPP RECOMVENDATI ON 2/1 - AMVENDMENT TO ANNEX 16, VOLUME | - PROPELLER-
DRI VEN AEROPLANES

That :

a) Part | of Annex 16, Volume | be anmended as indicated in
Attachment A to this part of the report
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It was further noted that this recommendati on was based on the assunption that
the definition of a derived version in Part | would be anended. Amendnents to
the definition were consequently agreed. (For a discussion of the amendnment to
the definition, see 3.2.91in the report of Agenda Item3.)

2.1.10 Fallback provi sion

Because of the lack of flexibility in the Chapter X requirements (due
to an absence of trade-off provisions) the Wrking Goup had suggested the
introduction of a provision which would allow applicants not able to neet the
Chapter X requirenents to make application under Chapter 6 instead. This
provision would only be permtted for the first five years of the applicability
of Chapter X. This proposal was agreed by the meeting

2.1.11 Recommendat i on

In light of the preceding discussions, the neeting devel oped the
fol | owi ng recomendations

RSPP RECOMVENDATI ON 2/1 - AMVENDMENT TO ANNEX 16, VOLUME | - PROPELLER-
DRI VEN AEROPLANES

That :

a) Part | of Annex 16, Volume | be anmended as indicated in
Attachment A to this part of the report
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2-A-1

ATTACHVENT A TO THE REPORT ON AGENDA I TEM 2

PROPCSED AMENDMENT TO PART |

OF ANNEX 16, VOLUME |

Rel evant existing text of
Annex 16, Vol ume |

Proposed anmendment

PART |. DEFI N TIONS

Derived version of an aircraft. An
aircraft which, fromthe point of view
of airworthiness, is simlar to the
noi se certificated prototype but
i ncorporates changes in type design
which may affect its noise
characteristics. X

adversely

Notei.— VWiere the certificating
authority finds that the proposed
change in design, configuration, power
or mass is so extensive that a
substantially new investigation of
conmpliance with the applicable
ai rworthiness regulations is required,
the aircraft shoul d be considered to be
a new type design rather than a derived
version.

X

Note 2.- \Where nore than one neasure-

ment point is involved, adversely shal
refer to the nett change in noise
| evel s.
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Rel evant existing text of
Annex 16, Vol une |

Proposed anendnent

6.3 Maxi mum noi se | evel s

6.3.1 For aeroplanes specified in
6.1.1a) and 6.1.1b), the maxi num
noi se levels when determned in
accordance with the noise evaluation
met hod of Appendix 3 shall not exceed
the follow ng:

- a 68 dB(A) constant linit up to an
aeroplane mass of 600 kg, varying
linearly with mass from that point to
1 500 kg, after which the limt is

constant at 80 dB(A) up to [5 70@ kg

|9 o000

[(except that in the case of an
application for a change in type
design, the maximum certificated
take-of f mass may not exceed

6 500 kg, provided that the prototyp
has been certificated at a maxi num
certificated take-off mass not
exceeding 5 700 kg),.

APPENDI X 3

NO SE EVALUATI ON METHOD FOR NOI SE
CERTI FI CATTON OF PROPELLER- DRI VEN
AEROPLANES NOT EXCEEDING |5 700] KQ

ldelete

9 000
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- A 76 dB(A) constant |imt up to an aeroplane mass of 600 kg varying
linearly fromthat point with the | ogarithm of aeroplane mass at
the rate of 9.83 dB(A) per doubling of mass until the linmt of
88 dB(A) is reached after which the linmt is constant up to

9 000 kg.
X.5 Noi se certification reference procedures
X.5.1 Ceneral conditions
X.5.1.1 The cal culations of reference procedures and flight paths shall be

approved by the certificating authorities

X.5.1.2 Except in conditions specified in x.5.1.3, the take-off reference
procedure shall be that defined in X.5.2.

X.5.1.3 Wen it is shown by the applicant that the design characteristics of
t he aeroplane would prevent flights being conducted in accordance with x.5.2, the
reference procedures shall
a> depart from the reference procedures defined only to the extent
demanded by those design characteristics which make conpliance
with the procedures inpossible; and
b) be approved by the certificating authorities.

X.5.1.4 The reference procedures shall be calculated under the follow ng
at mospheric conditions:

a) sea level atnospheric pressure of 1 013.25 hPa;
b) anbient air tenperature of 15°C,i.e., |SA

e) relative humdity of 70 per cent; and

d) zero wind.

X.5.1.5 The acoustic reference atmospheric conditions shall be the sane as
the reference atmospheric conditions for flight

X.5.2 Take-of f reference procedure

The take-off flight path shall be calculated taking into account the
following two phases
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X.6.2 The test procedures and noise measurenents shall be conducted and
processed in an approved manner to yield the noise evaluation neasure in units of
Lamvpx @s described in Appendix X.

X.6.3 Acoustic data shall be adjusted by the nethods out.ined in Appendix X
to the reference conditions specified in this chapter

X.6.4 If equivalent test procedures are used the test procedures and al
nmethods for correcting the results to the reference procedures shall be approved
by the certificating authorities

Note .- Quidance material on the use of equivalent procedures is
provided in The 1cA0 Environnental Technical Manual on the Use of Procedures in
the Noise Certification of Aircraft (Doc ----).

APPENDI X X TO ANNEX 16, VOLUME 1

NO SE EVALUATI ON_ METHOD FCOR NO SE CERTI FI CATI ON
OF PROPELLER- DRI VEN AEROPLANES NOT EXCEEDI NG 9 000 kg

(Note.- See Chapter X)

1. [ ntroduction

Note 1.~ This noise evaluation nmethod includes

a) noise certification test and measurenment conditions;
b) noise unit;

¢) nmeasurenment of aeroplane noi se received on the ground;
d) adjustnents to test data; and

e) reporting of data to the certificating authorities and validity
of results .

Note 2.- The instructions and procedures given in the nethod are
clearly delineated to ensure uniformity during conpliance tests and to permt
conpari son between tests of various types of aeroplanes, conducted in various
geographical locations. The nethod applies only to aeroplanes within the

applicability clauses of Part Il, Chapter X.
2. Noi se certification test and neasurement conditions
2.1 Cener al

This section prescribes the conditions under which noise
certification tests shall be conducted and the measurenent procedures that shal
be used to neasure the noise made by the aeroplane for which the test is
conduct ed
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2.3.5 The aeroplane hei ght when directly over the m crophone shall be
nmeasured by an approved technique. The aircraft shall pass over the mcrophone
within £10 degrees fromthe vertical and within 20 per cent of the reference

hei ght .

2.3.6 Aeroplane speed, position and performance data required to make the
adjustments referred to in paragraph 5 of this Appendi x shall be recorded when
the aeroplane is directly over the measurenent site. Measuring equipment shal
be approved by the certificating authorities

2.3.7 An independent device accurate to within +1 per cent, shall be used
for the neasurenment of propeller rotational speed to avoid orientation and
installation errors when the test aeroplane i s equi pped with nechanica
tachoneters

3. Noi se unit definition

The Lyyax IS defined as the maxinumlevel, in decibels, of the
A-wei ghted sound pressure (slow response) with reference to the square of the
standard reference sound pressure (P ) of 20 micropascals (uPa).

y, Measur enent of aeroplane noi se received on the ground
4.1 Gener a
4.1.1 Al'l measuring equipment shall be approved by the certificating

authoriti es.

b,1.2 Sound pressure level data for noise evaluation purposes shall be
obtained with acoustical equipment and measurement practices that conform to the
specifications given hereunder in 4.2,

4.2 Measurenent system

The acoustical neasurement system shall consist of approved equi pment
equivalent to the foll ow ng:

a) a mcrophone system with frequency response conpatible wth
measurenent and anal ysis systemaccuracy as stated in 4.3;

b) tripods or simlar mcrophone nountings that mnimze
interference with the sound being measured

e¢) recording and reproducing equipnent characteristics, frequency
response, and dynamc range conpatible with the response and
accuracy requirenents of 4.3; and

d) acoustic calibrators using sine wave or broadband noi se of known
sound pressure level. |f broadband noise is used, the signa
shal | be described in terms of its average and maxi num root-mean-
square (rms) value for non-overload signal |evel.



2-C-6 Report on Agenda Item 2

2.3.5 The aeroplane hei ght when directly over the m crophone shall be
nmeasured by an approved technique. The aircraft shall pass over the mcrophone
within £10 degrees fromthe vertical and within 20 per cent of the reference

hei ght .

2.3.6 Aeroplane speed, position and performance data required to make the
adjustments referred to in paragraph 5 of this Appendi x shall be recorded when
the aeroplane is directly over the measurenent site. Measuring equipment shal
be approved by the certificating authorities

2.3.7 An independent device accurate to within +1 per cent, shall be used
for the neasurenment of propeller rotational speed to avoid orientation and
installation errors when the test aeroplane i s equi pped with nechanica
tachoneters

3. Noi se unit definition

The Lyyax IS defined as the maxinumlevel, in decibels, of the
A-wei ghted sound pressure (slow response) with reference to the square of the
standard reference sound pressure (P ) of 20 micropascals (uPa).

y, Measur enent of aeroplane noi se received on the ground
4.1 Gener a
4.1.1 Al'l measuring equipment shall be approved by the certificating

authoriti es.

b,1.2 Sound pressure level data for noise evaluation purposes shall be
obtained with acoustical equipment and measurement practices that conform to the
specifications given hereunder in 4.2,

4.2 Measurenent system

The acoustical neasurement system shall consist of approved equi pment
equivalent to the foll ow ng:

a) a mcrophone system with frequency response conpatible wth
measurenent and anal ysis systemaccuracy as stated in 4.3;

b) tripods or simlar mcrophone nountings that mnimze
interference with the sound being measured

e¢) recording and reproducing equipnent characteristics, frequency
response, and dynamc range conpatible with the response and
accuracy requirenents of 4.3; and

d) acoustic calibrators using sine wave or broadband noi se of known
sound pressure level. |f broadband noise is used, the signa
shal | be described in terms of its average and maxi num root-mean-
square (rms) value for non-overload signal |evel.



2-C-8 Report on Agenda Item 2

with no cavities below the plate. The microphone shall be located three-quarters
of the distance fromthe centre to the edge along a radius normal to the line of
flight of the test aeroplane.

4. 4,2 If the noise signal is tape-recorded, the frequency response of the
el ectrical system shall be determned, during each test series, at a level within
10 dB of the full-scale reading used during the tests, utilizing pink or

pseudor andom noi se.  The output of the noise generator shall have been checked by
an approved Standards |aboratory within six nonths of the test series, and
tolerable changes in the relative output at each one-third octave band shall be
not more than 0.2 dB. Sufficient determinations shall be made to ensure that the

overal | calibration of the systemis known for each test

4.4.3 Where a magnetic tape recorder forms part of the nmeasuring chain,
each reel of magnetic tape shall carry 30 seconds of this electrical calibration
signal at its beginning and end for this purpose. In addition, data obtained

from tape-recorded signals shall be accepted as reliable only if the leve
difference in the 10 kHz one-third octave band filtered levels of the two signals
is not nmore than 0.75 dB.

4,u. 4 The anbient noise, including both acoustical background and

el ectrical noise of the measurenment systems, shall be determined in the test area
with the systemgain set at levels which will be used for aeroplane noise
measurements. |f aeroplane peak sound pressure |evels do not exceed the
background sound pressure levels by at |east 10 dB(A), a take-off measurenent
point nearer to the start of roll shall be used and the results adjusted to the
reference neasurenment point by an approved nethod

5. Adjustnent to test results

5.1 Wen certification test conditions differ from the reference
conditions appropriate adjustnents shall be made to the measured noise data by
the nethods of this section

5.2 Corrections and adjustments

5.2.1 The adjustnments take account of the effects of

a) differences in atnospheric absorption between neteorol ogical test
conditions and reference conditions;

b) differences in the noise path | ength between the actual aeroplane
flight path and the reference flight path

c) the change in the helical tip Mach nunber between test and
reference conditions ; and

d) the change in engine power between test and reference
conditions.
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5.2.2 The noi se | evel under reference conditions (LA

JREF is obtained by

. , MA ;
adding increments for each of the above effects to the test éay noi se | eve

(Lyyax) TEST.

(LAMAX)REFz(LAMAX)TEST"'A(M) + 6(1) + a(2) + aA(3)

where a(M) is the adjustnent for the change in atnospheric absorption

between test and reference conditions
§ (1) is the adjustnent for noise path |engths
A(2)is the adjustnent for helical tip Mach nunber, and
A(3) is the adjustment for engine power.

a) When the test conditions are within those specified in

Figure 6-1, no adjustnments for differences in atnospheric
absorption need be applied, i.e. ACM = 0. |If conditions are
outside those specified in Figure 6-1then adjustnents nust be
applied by an approved procedure or by adding an increnment a(M)
to the test day noise |evels where,

A(M) = 0.01 (HTOC - 0.2 HR)

and where Hp is the height in metres of the test aeroplane when
directly over the noise measurement point, Hp is the reference
hei ght of the aeroplane above the noi se neasurement point, and «
Is the rate of absorption at 500 Hz specified in Tables 1-5to

| -1 6 of Appendix 1.

b) Measured noise |evels should be adjusted to the height of the

c)

aeroplane over the noise neasuring point on a reference day by
al gebraically adding an increment equal to a(1). Wen test day
conditions are within those specified in Figure 6-1:

§(1) = 22 log(HT/HR)

Wien test day conditions are outside those specified in
Figure 6-1:

6(1) = 20 1 0g (H/Hg)

where Hy is the height of the aeroplane when directly over the
noi se measurenent point and Hy is the reference height of the
aeroplane over the neasurenment point.

No adjustments for helical tip Mach nunber variations need be
made if the propeller helical tip Mach number is:

) at or below 0.70 and the test helical tip Mach nunber is
within 0.014 of the reference helical tip Mach nunber;

2) above 0.70 and at or below 0.80 and the test helical tip Mach
nunber is within 0.007 of the reference helical tip Mach
nunber ;
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6.1.4 Comments on |ocal topography, ground cover and events that m ght
interfere with sound recordings shall be reported

6.1.5 The fol | owi ng aeroplane information shall be reported:

a) type, nodel and serial nunbers of aeroplane, engine(s) and
propel | er(s)

b) any nodifications or non-standard equi pment |ikely toaffectthe
noi se characteristics of the aeroplane;

e¢) maxinmum certificated take-off nmss;

d) for each overflight, airspeed and air tenperature at the flyover
altitude determned by properly calibrated instrunents;

e) for each overflight, engine performance as manifold pressure or
power, propeller speed in revolutions per mnute and other
rel evant paraneters determned by properly calibrated
I nstruments

f) aeroplane height above the neasurenent point;

g) corresponding manufacturer’s data for the reference conditions
relevant to d), e) and f) above.

6.2 Validity of results

6.2.1 The neasuring point shall be overflown at least six tines. The test
results shall produce an average noise |evel (LAMy) value and its 90 per cent
confidence limts, the noise level being the arithmetic average of the corrected
acoustical neasurenents for all valid test runs over the measuring point

6.2.2 The sanpl es shall be [arge enough to establish statistically a 90 per
cent confidence limt not exceeding 1.5 dB. No test results shall be omtted
from the averaging process, unless otherw se specified by the certificating
authorities,
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from the averaging process, unless otherw se specified by the certificating
authorities,
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3.2 Di scussi on
3.2.1 General

The Committee expressed its deep appreciation to the nenbers of the
Wrking Goup for their efforts and the excellent manner in which they had co-
operated in the studies undertaken to progress work on the various tasks assigned
to the group. The Conmittee was very pleased with the overall recomrendations of
the group and noted that these recomrendations were satisfactorily backed by
conprehensive information to enable it to decide on a further course of action on
individual tasks. The Committee noted that it had been necessary for the Wrking
Goup to establish two subgroups to deal with residual technical problenms and
noi se contour methodology. The Committee further noted that the Wrking Goup
had held three technical meetings during which 37working papers and 9
information papers were considered. A fourth neeting of the group was held to
approve the draft report for submission to the CAEP/1 neeting.

3.2.2 Changes in conposition and noise status of world airline fleet
3.2.2.1 The Conmittee noted that the Wrking Goup had, fromits study, drawn
the follow ng conclusions:

a) Since the final neeting of the Conmttee on Aircraft Noise
(CAN/T7), the proportion of non-noise-certificated aeroplanes in
the world airline fleet has halved, from41%to 20% while the
proportion of Chapter 3aeroplanes has nore than doubled, from
11%to 26%. At the beginning of 1982the ratio of Chapter 3to
Chapter 2 aeroplanes on order was 2.8:1while at the end of 1985
it was 21:1. By projecting these trends it is likely that the
proportion of Chapter 3aeroplanes in the fleet will increase
rapidly . (See Tables 3.1t0 3.3giving conposition and noise
status of civil subsonic jet airline fleets in 1982and 1985and
the differences during these periods. )

b) Although caN/7 agreed not to place any formal limtation on the
production of Chapter 2 aeroplanes, such a limtation has
effectively taken place so that Chapter 2 aeroplanes are now only
being built in small nunbers

3.2.2.2 The Committee noted the above conclusions and considered the
information in Tables 3.1to 3.3useful for inclusion in this report.

3.2.3 Advances in acoustic technol ogy

3.2.3.1 The Conmmittee noted that the Working Goup, fromits study, had

concl uded that:

a) there were no devel opnments which were likely to produce noise
reductions of the order necessary to enable a worthwhile
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reduction of the Chapter 3 noise levels at this time. For
greater values of take-off mass in the region of 200-400 tons, it
is likely that the needs of airlines will be met by derivatives
of existing designs in view of the very substantial investment
needed for entirely new types. These derivatives will depend
heavily on existing airframe and engine technology and at present
these do not offer prospects of noise reductions large enough to
justify major revision of these Standards.
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TABLE 3.3 DI FFERENCES | N COMPOSI TI ON AND NO SE STATUS OF WORLD
SUBSONI C JET AEROPLANE FLEET BETWEEN 1982 AND 1985
(See notes on Tables 2.1 and 2.2)

Category and Type | Changes in Nunber Changes in Noise Certification

in Fleet Status of Fleet

None Chap 2 chap 3

ol d Technol ogy
Caravelle - 21 - 20 1 0
Mercure + 1l 0 + 1 0
F28 + 51 0 + 51 0
VC1l0 & S VC10 - 14 - 14 0 0
Tri dent - 48 - 48 0 0
Bae 111 - 43 - 100 + 57 0
B707 and 720 - 293 - 317 + 24 0
B727-100 - 21 - 133 + 112 0
B727-200 + 35 - 29 + 64 0
B737 (Except-300) + 312 6 + 318 0
DC8 (Except-70) - 82 - 95 + 13 0
DC9 (Except-80) + 8 - 315 + 323 0
Ccv 880/990 - 57 - 57 0 0
SUB TOTAL - 172 - 1134 + 962 0
Current Technology
A300 + 82 0 0 + 82
B747 + 87 0 - 186 + 273
pDCl0-10, 15, 40 + 5 0 0 + 5
DCl0-30 + 3 0 - 32 + 35
L1011 + 13 0 0 + 13
SUB TOTAL + 190 0 - 218 + 408
Devel opnent s and
New Desl gns
A300-600 17 0 0 + 17
B737-300 + 78 0 0 + 78
DC-70 + 107 0 0 + 107
DC9-80 + 199 0 0 + 199
A310 + 70 0 0 + 70
A320 0 0 0 0
BAe 146 + 38 0 0 + 38
B757 + 74 0 0 + 74
B767 + 128 0 0 + 128
F100 0 0 0 0
SUB TOTAL + 711 0 0 + 711
GRAND TOTAL + 729 -~ 1134 + 744 + 1119
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by nmeans of noise footprint assessment. The Committee was however informed that
the use of footprints for noise certification purposes had been considered in the
past and had not been accepted because the noise contour nethodol ogy involves
some degree of approximation and was therefore unsuitable for use in regulatory
specifications. After sone discussion, it was agreed to include further study of
this aspect in the future work of the Committee

3.2.3.5 Wth regard to the proposal for limtation on production and
operation of aeroplanes being fitted with hush-kits and aeroplanes certificated
to the requirenents of Chapter 2, Part Il of Annex 16, Volume I, it was noted
that this question had been discussed in great detail at the CiN/7 meeting and
the conclusions reached at that neeting were still valid, The operationa
aspects were considered to be outside the terms of reference of the Committee
However, the Secretary was requested to bring the details of the proposal to the
attention of the Council when the report of the neeting is reviewed by that

body.

3.2.3.6 The Committee noted the information provided by the menber nom nated
by Brazil on the Brazilian requirements for aircraft noise certification and the
i nformation provided by the nenber nominated by the United States on Boeing 707
and DC-8 acoustic nodification programmes.

3.2.4 Noi se abatenent operating procedures

3.2.41 According to its terms of reference, the Goup was required to
investigate "ways in which noise certification procedures mght be amended to
encourage the adoption of inproved noise abatement technology especially the
programed techniques . . .". This subject has been considered on a number of
occasions, both within 1cao and el sewhere and there is a considerable body of
evidence to show that techniques which include programred management of airspeed
thrust, and flap and |anding gear deployment during approach can reduce noise
under the approach path. A proposal which had been submtted to CAN/7 invol ving
an additional (optional) measuring point under the approach path was reviewed by
the Goup. According to the proposal, aeroplanes which had the capability for
reduci ng noise during approach at points renote fromthe 2 km reference points
should be allowed a proportion for this potential reduction in their certificated
noi se levels

3.2.4.2 Al'though the proposal seened sound in principle, the Goup believed
that there was no guarantee that the potential noise reductions would be achieved
on any given occasion until a majority of the aeroplanes using an airport could
enpl oy the automated procedures, while if nmore than a small proportion (but not a
mpjority) were able to do so, this might inpose linmts on airport utilization
Sone menbers of the group believed that automated procedures could make a usefu
contribution to the inprovement of the noise climte and that a nechani sm night
be found for encouraging their use. They believed that it might be possible to
include allowances for automated procedures eventually, and that this should be
kept in mnd for the future work programre.
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the sumof the 90% confidence limts of the full thrust and cutback thrust noise
levels. As a conpronise, this Note recomends that the maxi mnum PNLT val ue after
cut back exceed the PNLT val ue before cutback by a m ni numof 10.5 dB. One nenber
stated that such a provision actually penalized newer, quieter aircraft in
conparison with a difference of only 10.0 dB. After discussion, the Conmttee
decided to accept the Note as drafted by the Wrking G oup.

3.2.5.4 The Committee agreed that a provision should be made for the
subsequent amendnents of the Technical Manual to take into account the

devel opments in the technology and the experience gained with the application of
the material in the manual. Further discussion on this aspect is reflected in
the report on Agenda Item5 - Future activites.

3.2.5.5 Accordingly, the follow ng recomrendations were devel oped

RECOMVENDATI ON 372 - ICAO ENVI RONMENTAL TECHNI CAL MANUAL

The material in Attachment A to this part of the report be issued as
an “Environnental Technical Mnual on the Use of Procedures in the
Noi se Certification of Aircraft”

RSPP RECOVIVENDATI ON 3/3 - AVENDMVENT OF ANNEX 16, VOLUME | - EQUI VALENT
PROCEDURES

That Annex 16, Volune | be amended as fol | ows:
a> Delete Attachments B and G.

b) Arend the text of the existing Note at the end of Chapter 3 and
Chapter 5 as follows:

“Note.- CQuidance material on the use of equivalent procedures is
provided in the '1cA0 Environmental Technical Mnual on the Use
of Procedures in the Noise Certification of Aircraft

(Doc---- ),

e) Adddthe following note at the end of the text of Chapters 2, 6
and 8:

“Note.- CQuidance material on the use of equivalent procedures is
provided in the 'Icao Environmental Technical Mnual on the Use

of Procedures in the Noise Certification of Aircraft
(Doc ----)'".

d) I'n Appendices 1 and 2, anend the Note at the end of
paragraph 2.1.1to read as foll ows:

"Note.- Many applications for a noise certificate involve only
minor changes to the aeroplane type design. The resultant




3-10 Report on Agenda | tern 3

the sumof the 90% confidence limts of the full thrust and cutback thrust noise
levels. As a conpronise, this Note recomends that the maxi mnum PNLT val ue after
cut back exceed the PNLT val ue before cutback by a m ni numof 10.5 dB. One nenber
stated that such a provision actually penalized newer, quieter aircraft in
conparison with a difference of only 10.0 dB. After discussion, the Conmttee
decided to accept the Note as drafted by the Wrking G oup.

3.2.5.4 The Committee agreed that a provision should be made for the
subsequent amendnents of the Technical Manual to take into account the

devel opments in the technology and the experience gained with the application of
the material in the manual. Further discussion on this aspect is reflected in
the report on Agenda Item5 - Future activites.

3.2.5.5 Accordingly, the follow ng recomrendations were devel oped

RECOMVENDATI ON 372 - ICAO ENVI RONMENTAL TECHNI CAL MANUAL

The material in Attachment A to this part of the report be issued as
an “Environnental Technical Mnual on the Use of Procedures in the
Noi se Certification of Aireraf t" .

RSPP RECOVIVENDATI ON 3/3 - AVENDMVENT OF ANNEX 16, VOLUME | - EQUI VALENT
PROCEDURES

That Annex 16, Volune | be amended as fol | ows:
a> Delete Attachments B and G.

b) Arend the text of the existing Note at the end of Chapter 3 and
Chapter 5 as follows:

“Note.- CQuidance material on the use of equivalent procedures is
provided in the '1cA0 Environmental Technical Mnual on the Use
of Procedures in the Noise Certification of Aircraft

(Doc---- ),

e) Adddthe following note at the end of the text of Chapters 2, 6
and 8:

"Note.- QUi dance material on the use of equivalent procedures is
provided in the 'Ica0 Environmental Technical Mnual on the Use
of Procedures in the Noise Certification of Aircraft

(Doc---- )'m,

d) I'n Appendices 1 and 2, anend the Note at the end of
paragraph 2.1.1to read as foll ows:

"Note.- Many applications for a noise certificate involve only
minor changes to the aeroplane type design. The resultant




3-12 Report on Agenda Item 3

" .. by an approved nethod such as that given in Section 2.2.1 of
the *1cA0 Environnental Technical Manual on the Use of Procedures
in the Noise Certification of Aircraft (Doc ~-==) 'n,

i ) In Appendix 3, anmend the text at the end of 4.2.1.2 as follows:

"... being certificated shall be used as described in Section 4.1
of the '1ca0 Environnental Technical Manual on the Use of

Procedures in the Noise Certification of Aircraft (Doc ----)'".
3.2.6 | nprovenents in noise certification test and anal ysis procedures
3.2.6.1 The specific itenms investigated by the Wrking Goup arising fromits

terms 0 reference and the comments of States on the related can/7
reconmendations include the follow ng:

a) mcrophone height;
b) extensions to the test w ndow
e) revision of the reference atnosphere;

d) reference value of atmospheric absorption variation, Annex 16,
Attachnent B, para 2.6.1c¢);

e) pseudo-tone identification;

f) equations for NoY function generators - Annex 16, Appendix 2,
Section T7;

g) the need for digital systems specifications for acoustic
measurement and anal ysis;

h) aeroplane reference point during approach nmeasurenents;

i) anmendnents to Annex 16, Volume | to renove references to ISO 3891
- 1978(E);

j) tone correction procedures;

k) review of measurenent framework;

1) integrated procedures.
The investigation by the group had been undertaken with the assistance of a
Technical Issues Subgroup. The result of the investigation as presented in the

Wrking Goup report were reviewed by the Cormittee and its recomrendations are
presented bel ow.
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and the devel opnent of background noise correction nethods, no change should be
recommended. It was however recognized that, should a major change in noise
certification procedures become necessary in the future, further serious

consi deration should be given to adopting a reference atnosphere closer to test
day conditions thereby reducing the magnitude of the atnospheric attenuation
adjustment. The Commttee accepted the views of the Wrking G oup.

3.2.6.4.2 It was pointed out that there was a significant influence of changes
inwind direction in jet aeroplane noise |levels at the [ateral neasurement point.
In some cases the variations in noise levels due to changes in wnd direction and
wind speed during testing could be as much as 8 EPNdB. In order to inprove the
reliability of the noise level measurements at the lateral neasurement point, it
was suggested that paragraph 2.2.3 d) of Appendix 1and paragraph 2.2.2 ) of
Appendi x 2 be reviewed to stipulate the acceptable range of wind direction. The
Committee agreed that this problem should be included in its future work

progr anme

3.2.6.5 Ref erence val ue of atnospheric absorption variation

3.2.6.5.1 In response to the CAN/7 recommendations it had been suggested that
in Attachment B to Annex 16, Volume | the value of +0.5 dB/100 mfor variation in
at nospheric absorption, when using |ayered sections, nust be defined relative to
sone definite value, such as the absorption coefficient derived from

net eorol ogi cal measurenents obtained 10 m above the surface. This suggestion had
been referred to the Working Goup for study.

3.2.6.5.2 The Comrmittee reviewed the Wrking Group's proposal which included a
suitable additional text for paragraph 2.2.2 of Appendix 2 to the Annex and
agreed to its inclusion in the proposed anendnent to the Annex

3.2.6.6 Pseudo-tone identification

The Conmittee noted that a nunber of methods for identifying
pseudo-tones had been included in the Environnmental Technical Mnual devel oped by
the Wrking Goup (see Attachment A to this part of the report)

3.2.6.7 Equati ons for NOY function generators

3.2.6.7.1 In response to the CAN/7 recommendations it had been suggested that
the mathematical relationship between sound pressure |evel and perceived
noi si ness (SPL~NOY) given in paragraph 7.3 of Appendix 2 of Annex 16, Vol une |
shoul d be supplenmented by guidance material giving the background and details of
the basis used in the developnent of this relationship.

3.2.6.7.2 Based on the advice of the Wrking Goup, the Committee concluded
that the existing text was suitable for use by noise certification authorities

wi thout further guidance, and that it was considered to be nmore |ogical and
sinmpler than the original text. In viewof this it was considered that there was
no need to devel op additional guidance materi al
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3.2.6.7.3 The Conmttee also agreed to the Wrking Goup's proposal to nodify
the equation in 7.3 c) of Appendix 2 of the Annex to nake it consistent with the
format of 7.3b) and 7.34d).

3.2.6.8 Digital systems for acoustic neasurenent and anal ysis

The Cormittee was informed that because of advances in technol ogy,
digital systens are becom ng increasingly used for the measurement and anal ysis
of aircraft noise and that such systens offered significant advantages over the
ol der analogue systens. Recognizing that this was a highly specialized subject
and the American National Standards Institute (ANSI) and the Internationa
Electrotechnical Conmi ssion (IEC) were al ready working on such Standards, it was
agreed that IEC be requested to devel op appropriate standards for aircraft noise
measurement and analysis systems. Accordingly, Recommendation 3/4 was devel oped
as follows:

RECOVMENDATI ON 3/4: DI G TAL EQUI PVMENT FOR Al RCRAFT NO SE MEASUREMENT

That the International Electrotechnical Commi ssion (IEC) be requested
to devel op specifications for digital equipnent for use in aircraft
noi se neasurenent and analysis for the purpose of noise

certification

3.2.6.9 Aeroplane reference point during approach neasurenent

During devel opment of the Environmental Technical Mnual it becane
apparent that al though Annex 16, Appendix 1, paragraph 5.4.2.1 b) defines the ILS
antenna as the reference point on the aircraft for approach noi se neasurenent;
there was no corresponding definition in Appendix 2. It was therefore agreed to
rectify this deficiency by inclusion of a new paragraph 9.2.2 in Appendix 2.

3.2.6.10 Renmoval of references to IS0 3891

The Conmmittee noted that 1S0 will be removing references to aircraft
noi se certification information fromiso 3891-1978(E) which will then become nore
applicable to aircraft noise nonitoring. It was therefore agreed to include
appropriate material in Annex 16, Volume | to make it self-contained and to
del ete the references to IS0 3891.

3.2.6.11 I nt egrated procedures

3.2.6.11.1 A proposal was submtted for the amendment of Section 9 of Appendix 2
of Annex 16, Volunme | and for the inclusion of a new Attachnent in the Annex to
identify an accepted nethod of adjustnent to test results for use in the noise
certification of aircraft. It was also suggested that a standing group of

experts be established to study, among other itenms to be assigned to it, the
suitability of alternative " integrated” adjustnent nethods for noise neasurenent
to be included as a new Section in possible future editions of the Environmenta
Techni cal Manual on the Use of Procedures in the Noise Certification of Aircraft.
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It was stated that the proposed amendments were intended to broaden the scope of
the applicability of the "integrated” adjustnent nethod which had technically
matured in recent years and to provide an exanple of the conputational procedures
involved. It was also intended to provide incentive for technical groups to
continue evaluation of acoustical data adjustment methods including the
quantification of assunptions relative to the magnitude of lateral attenuation
effects. It was added that the method had been accepted for contour nethodol ogy
and could be used satisfactorily for certification purposes

3.2.6.11.2 The Conmittee noted that the task of developing the related materia
had been assigned to the Wrking Goup. Al though several proposals had been
devel oped, the group had not found it possible, due to lack of tinme, to assess
them As such, no specific reconmendations had been devel oped. The Committee
revi ewed the proposal presented in 3.2.6.11.1. Wile it had no problemin
accepting the proposed amendnent to paragraphs 9.1.2 to 9.1.4 of Appendix 2
extending the use of the integrated method to lateral noise neasurements, and to
renove the anomolies pointed out, it was considered that the guidance materia
would require a nore detailed study. It was therefore agreed to include this
task in the future work progranmme of the Conmittee. It was also considered that
the guidance material, when devel oped, may be nore suitable for inclusion in the
Environmental Technical Mnual

3.2.6.12 Tone correction procedures

3.2.6.12.1 The Cormittee noted that the Wrking Goup had considered a
suggestion for re-examination of tone correction aspects of the EPNL cal cul ation
to cater for the new generation of propeller-driven aeroplanes and the probable
devel opment of ™open rotor" type of powerplant in the next few years. Sone
researchers had identified deficiencies in the ability of low frequency tone
corrections to correlate with annoyance for large propeller-driven aeroplanes and
it had been suggested that the correlation could be inproved by elimnating the
tone correction belows500 Hz for such aeroplanes.

3.2.6.12.2 The Conmttee al so noted that, in view of the linted data available,
the group had not been able to support this suggestion, it being argued that the
EPNL had been devel oped to put jet and propeller aeroplanes on an equal footing.
|f a change was applied to one class of aeroplanes only this would nmean that a
different noise metric would be introduced, putting jet aeroplanes and

hel i copters into oneclass and heavy propeller-driven types into another. [|f the
change was applied universally it could reduce the reported noise levels of jet
propel | ed aeroplanes by 1-2 dB.

3.2.6.12.3 After sone discussion, it was agreed to include this task in the
future work programme of the Committee

3.2.6.13 Revi ew of neasurenment framework

3.2.6.13.1 Recogni zing that the progressive reduction of dermonstrated noise
| evel s, background noise during testing had taken greater significance, the
Wrking Goup considered that a review of the distances between the start of rol
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and the take-of f nmeasurement centre |ine point on one hand and |atera
measurement points and the take-off track on the other hand was desirable. It
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there may be a problemwth regard to the sideline noise due to ground effects.

3.2.6.14 Aeroplane configuration during approach

3.2.6.14.1 1t was pointed out that Chapters 3 and 5 of Part Il of Annex 16,
Volune | stipulate in paragraphs 3.6.3.1e) and 5.6.3.1e) that "the nost

critical (that which produces the highest noise levels) configuration at the mass
at which certification is requested, shall be used”. This has normally been
interpreted as being with the maxi num approach flap. However, cases had occurred
where this was not necessarily the noisiest configuration. Sone propeller-driven
aeroplanes had denonstrated the highest approach noise level with a flap angle of
less than that used during a full flap approach. Differences in approach noise

| evel s between cases with airbrakes stowed or deployed coul d exceed one EPNAB.

3.2.6.14.21n order to clarify the standard with the aimof achieving a
uniformty of interpretation it was proposed to add suitable explanatory notes to
paragraphs 3.6.3.1e) and 5.6.3.1e) of Part Il of Annex 16, Volume I.

3.2.6.14.3 The Conmittee reviewed the proposal and agreed to rectify the
deficiency by amending the text of paragraph 3.6.3.1e) of the Annex. It was
felt that a simlar amendment to Chapter 5 was unnecessary since there were no
aeroplanes being certificated at present to the Chapter 5 requirenents. By
virtue of paragraph 5.1.4 of this Chapter all aeroplanes for which the
application for the prototype is accepted on or after 1 January 1985 is required
to comply with the provisions of Chapter 3 of the Annex. It was considered that
it may be an opportune time nowto anend editorially Chapter 3 to include both
subsonic jet aeroplanes for which the application for type certification is
accepted on or after 6 Cctober 1977 and heavy propeller-driven aeroplanes for
which the application for type certification is accepted on or after

1 January 1985. Accordingly, suitable amendnents to the Annex were devel oped.

3.2.6.15 Ref erence take-off power/thrust engine rating

3.2.6.15.11t was pointed out that currently the requirements of Chapter 3,

Part Il of Annex 16, Volune | do not stipulate the take-off power rating which
should be used for reference conditions. The certificating authorities are
therefore left with an interpretation to be made. It was reported that nost have

adopted the average engine rating whereas some others use the m ninum acceptance
engine rating

3.2.6.15.2 It was explained that for take-off with power cut-back the ninimm
acceptance engine rating would give a |ower height at the cut-back point than the
average rating and since the subsequent cut-back power levels would be the same
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inboth cases, i .e. that for a 4% gradient or for level flight with one engine
inoperative, the mninum acceptance rating would lead to a higher noise level at
the noise neasuring point. For a modern high by-pass ratio engined aeroplane
this increase was in the order of 0.7 EPNdB. In the |ateral noise case the peak
noi se would occur at the same height in both cases and the noise levels would
only be affected by the change in engine power; the mnininmum acceptance rating
would lead to a lower noise level. For a nodern aeroplane this is in the order

of 0.5 EPNdB.

3.2.6.15.3 It was therefore considered that froma noise certification viewpoint
the noisier overall rating should be adopted and al though the di. rerence in noise
| evel between the ratings was small in the case considered the mninum acceptance
rating was marginally higher. Further, for performance take-off calculations

m ni mum acceptance engine power/thrust rating was now al nost universally used

It was proposed therefore that, in the interests of consistency between
authorities dealing with noise certification and performance certification, the

m ni mum acceptance engine rating be adopted for the calculation of the reference
flight path and the related noise levels

3.2.6.15.4 The concernexpressed above was not shared by the mgjority of the
menbers . It was explained that the take-off power used to determne the
reference trajectories and noise |evel nust be the average engine power
representative of the mean characteristics of the production engines. This
interpretation had been adopted in several States and had caused no confusion
However, to clarify this point, it was agreed to insert "average" in front of
"take-off" i n paragraphs 2.6.1.1,3.6.2.1a) and 5.6.2.1a) of Part 11 of
Annex 16, Vol ume |.

3.2.6.16 Aeroplane configuration during take-off

It was pointed out that specifications contained in Annex 16 were
insufficiently precise with regard to the correlation between the stipulated
noi se levels and an aeroplane's take-off configuration, as well as to the
corresponding flight procedures during noise certification testing, and this
resulted in a discrepancy between the noise |levels recorded during day-to-day
operating conditions and those obtained at the time of certification. It was
suggested that suitable recommendations be devel oped during the future work of
the Cormittee to make the aeroplane noi se conditions correspond nore closely to
day-to-day operating conditions. After a brief exchange of views the Comittee
agreed to include this task in its future work programe.

3.2.6.17 In the light of the foregoing, the follow ng reconmendati on was
devel oped
RSPP RECOMVENDATI ON 3/5 - AMENDVENT OF ANNEX 16, VOLUME | - NO SE

CERTI FI CATION TEST AND ANALYSI S PROCEDURES

That Annex 16, Volune | be amended as indicated in Attachnent B to
this part of the report.
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noi se indices used in States could be satisfied to an acceptable
order of accuracy by using these two descriptors with conversion
factors, as appropriate . Some menbers of the group, however,
believed that all four descriptors should be retained as they
felt that this would not inpose undue burden on nmanufacturers in
provi ding noise information for their products. Some

manuf acturers have preferred to have only one unit

c¢) The nethod described in the methodol ogy suggests that the flight
profile preferably be presented as a series of straight line
segnents with their associated values of speed and thrust O
power for each of two ICAO noise abatenent take-off procedures
and for the Annex 16 noise conpliance approach procedure. \here
ot her procedures are used or the aeroplane operating conditions
are different , the flight profile information can be cal cul ated
froma set of equations

d) Quidance is given in the nethod for the spacing of the grid of
points to be used in calculating noise on the ground, the
modelling of |ateral dispersion of the real aeroplane tracks
about the nom nal departure tracks, the geometric relation of
the aeroplane to the grid points, and interpolation of the
noi se- power -di stance data used as a basic input for each
aeroplanetype. A nethod for determning the additiona
attenuation due to the influence of the ground is included
Gui dance is also given on the construction of contours of equa
noi se level fromthe values calculated over the field of grid
poi nts.

e) A procedure to establish noise levels during the ground roll is
included, but no means of allowing for the overlap of the
take-off and landing roll is given as it was considered that this
was related to single event noise footprints which were outside
the scope of the nmethodology. Qher aspects which are not
i ncluded are noise due to the running of APU and noise due to
thrust reversal during the landing roll. Although the latter can
affect the environnent close to the airport, there has been no
systematic attenpt to collect the necessary source noise data
This is because: (i) reverse thrust noise Is specific to the
aeroplane-engineconbination; (ii) it cannot be neasured under
test bed conditions; and (iii) it is not amenable to theoretica
treatnent ."

3.2.7.4 The Conmittee further noted the conparison, made by a nenber, of

met hods of cal cul ating noise contours around airports devel oped by SAE, ECAC and
the Wrrking Goup. The nethodol ogy approved by the Conmittee is presented in
Attachment C to this part of the report. It was agreed that this material should
be issued in the formof an 1cao Grcular. Consequently, it will be necessary to
anend Part |V and del ete Appendix 6 and Attachment F of Annex 16, Volume | and
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¢) the footnote on page 2-17 of the 1cA0 Airport Planning Manua
(Doc 9184-AN/902, Part 2) be amended to refer to Attachment C of
the new circular recommended in a) above

3.2.7.6 The Conmittee agreed that provisions should be made to allow for the
amendnent of this Crcular in accordance with technical progress

3.2.8 Exenption for special category aeroplanes

3.2.8.1 The Wrking Goup had been asked to review the need for exenpting

fromthe Standards of Annex 16 aeroplanes manufactured in small nunber for very
specific tasks such as the carriage of large and unusual cargo

3.2.8.2 The Conmittee endorsed the conclusions of the Wrking Goup on this
subj ect and agreed that in view of the small nunber of aeroplanes involved
(approximately 10) the size of the problemdid not justify any action by ICAO and
that any international operational problems which mght arise should be settled
by negotiation between the States concerned

3.2.9 Derived versions

3.2.9.1 The Wrking Goup during its consideration of the various problens
had noted that the existing definition of “Derived Versions of an Aircraft” in
Part | of Annex 16, Volume | could be interpreted as to require that a modified
aeroplane, al though quieter than its prototype, neets more stringent standards
than the prototype. This could inhibit the devel opment of desirable derivatives
which showed only nodest noise inprovements. The Goup believed that the intent
behind the introduction in Chapter 2 of nore stringent Standards for derived
versions was to prevent the growh of noise by subsequent devel opnent where the
prototype showed noise levels which were significantly below the initia

Standard. The Group therefore recommended that the word "adversely" shoul d be
introduced after “characteristics® and that the definition be supplenented by an
additional note explaining that where nore than one measurenent point is
involved, "adversely" would refer to the net change in noise levels

3.2.9.2 Sone menbers felt that adoption of this proposal would be equival ent
to a deletion of the derived version standards and would create a peculiar
situation in that a derivative, incorporating a change in type design that was
specifically devel oped to reduce noise levels would be required to nmeet |ess
stringent noise level requirenents specified in paragraph 2.4.10of Part Il of
Annex 16, Vol ume | whereas a derivative incorporating a change in type design
that may increase its noise levels would be required to neet the nore stringent
requirements specified in paragraph 2.4.2 of the Annex. They enphasized that the
present definition had been devel oped after a lengthy discussion at CAN/6 meeting
and met the objectives agreed upon at that meeting and as such required no

change.

3.2.9.3 The menbers supporting the Working Goup’s proposal were however of
the opinion that the present definition, as witten, would result in a nodified
version of an aeroplane with | ower noise |evels being treated as a derived
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3.2.12 Applicability of Chapter 3 to all derived versions

3.2.12.1 It was proposed that beginning in 1988, Chapter 3 requirements should
become applicable to all derived versions of subsonic jet aeroplanes. It was
stated that in the years to come, improvement in acoustic environment around
airports will be due essentially to the replacement of Chapter 2 aeroplanes by
Chapter 3 aeroplanes. Under these conditions , to permit the development of
derived versions of aeroplanes satisfying only Chapter 2 noise levels
requirements would be a retrograde step that would be difficult to justify.

3.2.12.2 Although supported by some members, this proposal was not accepted by
the Committee.

3.2.13 Standardization of noise certificate

3.2.13.1 It was suggested that the format of the document attesting compliance
with the relevant noise certification requirements be standardized to facilitate
international acceptance of the document. A sample of the document was provided
which identified the type of information that may be included in the standardized
form.

3.2.13.2 It was pointed out by several members that their national regulations
did not require a separate noise certificate to be issued. Noise certification
was considered as a part of airworthiness certification and detailed information
such as noise levels was included in the aeroplane flight manual. Furthermore,
detailed guidance on the type information to be provided was already given in
Chapter 1, Part Il of the Annex. After some discussion, however, it was agreed
to include further study of the proposal in the future work of the Committee, it
being recognized that there may be some merit in providing a separate certificate
containing the noise certification information as a proof of the aircraft
satisfying the relevant noise certification requirements. Such a certificate may
facilitate operations into those airports where the authorities require such a
proof to be produced.

3.2.14 Noise level. data

The Committee was provided with noise certification test results for
subsonic jet aeroplanes of the USSR manufacture. It was suggested that the
Committee prepare a composite document containing the results of certification
tests and evaluations on the acoustical performance of subsonic jet aeroplanes
from different countries. While appreciating the information, it was pointed out
that a noise data bank had been established in the United States and that State
published the data on a regular basis. No decision was taken.

3.3 Summary of future work

The discussions reported above led the meeting to agree to the
following list of items for further study:
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3.3.2

3.3.3

operating conditions of the propeller when run statically
compared with conditions existing during flight. The
propeller noise levels measured during a static test can
include significant contributions from noise source
components not normally important in flight. However,
limited static tests on engines with propellers, which
are used as engine loading devices can be utilised to
determine small noise changes, as described below.

Guidance on the test site characteristics, data acquisi-

tion and analysis systems, microphone locations,
acoustical calibration and measurement procedures for
static testing is provided in SAE AIR 1846-1984 and is
equally valid in these respects for propeller power
plants.

Static tests of the gas generator, can be used to

identify noise changes resulting from changes to the
design of the gas generators or the internal structure of
the engine in the frequency ranges where there is a
contribution to the aeroplane EPNL, or where that part of
the spectrum is clearly dominated by the gas generator or
ancillary equipment under circumstances where the
propeller and its aerodynamic performance remains
unchanged.

Such circumstances include, for example, changes to the
compressor, turbine or combustor of the powerplant. The
effect of such changes should be conducted under the same
test, measurement, data reduction and extrapolation
procedures as described in paragraph 2.3 for turbojet and
turbofan engines. The noise from any propeller or other
power extraction device used in static tests should be
eliminated or removed analytically. For the purposes

of aeroplane EPNL calculation, the measured flight datum
aeroplane propeller contributions should be included

in the computation process.
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SECTION 5: EQUIVALENT PROCEDURES FOR HELICOPTERS

(To be developed).
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6.4

noise performance parameters(/&) for the prototype and derived
aeroplanes for each of the reference noise measurement sites.
Provided that the 90% confidence interval limit of not greater than
+ 1.5 EPNdB (or + 1.5 dBA as appropriate) is satisfied, as
calculated in paragraph 2.2 of Appendix 1 of this manual, the noise
certification levels may be obtained by entering the curve of noise
level versus engine noise performance parameter(/t) at the
appropriate reference/u .

In some areas an extrapolation of the data field may be approved
but care must be taken to ensure that the relative contributions of
the component noise sources to the effective perceived noise level
or A-weighted noise level as appropriate, remains essentially
unchanged and that a simple extrapolation of noise/power and noise/
distance curves can be made.

For propeller driven aeroplanes a change in propeller and/or power-
plant may necessitate further flight tests to establish a revised
noise-power-distance relationship.

Test Environment Corrections

The atmospheric conditions specified in Annex 16, Volume 1, section
2.2.2(b), (c), (d) and (e) of appendix 2 require the measurement of
ambient air temperature and relative humidity profiles during noise
certification tests, to ensure that the temperatures, relative
humidities and corresponding atmospheric sound absorption
coefficients do not deviate from the specified limits over the
whole noise path between ground and aeroplane. Ordinarily, profile
measurements are recorded by balloon, instrumented aeroplane, or
other similar method during flight testing, in order to ensure that
the criteria are met.

At the discretion of the certificating authority atmospheric
profile measurements of ambient air temperature and relative
humidity may be made by instruments mounted on the test aeroplane,
and may be considered sufficient to determine compliance with the
criteria specified in section 2.2.2(b), (c), (d) and (e).
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1
Ve define the matrix A such that A = X X
and A-1 is the inverse of A

Also, y :{yl Yo ceeees yx;))v ’

and, b={b, v, ... by with
b determned as the solution of the nornal equations:

o, b=t x'y

The 90% confidence interval for the nean value of the effective
perceived noise level estimated with the associated value of the
engine-rel ated paranmeter, x5, is

v + .= + o
V) age, BV =T () Tu gy 8 x A
WnerezozY_lxo X2 ....xok]
x,' is the transpose of x,

and y (x,) has been evaluated for x4 using the estimated regression
relation.

t-95,57 is obtained with b =n - k - 1 degrees of freedom.
n

= (31 - 7 ()?
s = i=1 is the estimate of ¢~ .
n-k-1

¥ %) = effective perceived noise |evel calculated using the estinated

regression relation and ith neasured value of engine related paraneter,

Xi,

It is not reconmended that polynomal orders in excess of k = 2
be used for certification purposes, unless there is a clear basis
for such a nodel.

CONFI DENCE | NTERVAL FOR STATI C TEST DERI VED NRPD MAPS

Wien static test data are used in fanily certifications, NPD maps are
formed by the linear conbination of baseline flight regressions, baseline
projected static regressions, and derivative projected static regressions
inthe form

EPNLpp= EPNLBF - EPNLpg + EPN'LDS
or using the notation adopted above

Yor (%) = T (%) - Tpg (%) + ypg (%)

where subscri pt
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5.

ADEQUACY OF THE MODEL

5.1 Choi ce of Engi ne- Rel at ed Par anet er
Every effort shoul d be made to determ ne the nost appropriate
engi ne-rel ated paraneter x, which nay be a conbination of
various sinpler paraneters.

5.2 Choi ce of Regression Mdel
Al'so, a polynom al regression nodel should not be used if it is
expected that a sinpler relationship should be postulated; e.g.,

2
A=, +le + sz + ﬁ3-x3 shoul d not be used if it is expected
that the relationship is of the formec= ¥, + W, where
W= x2 or W = x3
Standard texts on nultiple regression should be consulted and the
data available should be examned to show the adequacy or otherw se
of the nodel chosen.

REFERENCES

(1) Kendal |, M.G. and Stuart, A, The Advanced Theory of Statistics,
Vol unes 1 and 2, Hafner, New York, 1973.

(2) Yule, G. U. and Kendal |, M.G., An Introduction to the Theory of
Statistics, 1l4th ed., Giffin, New York, 1950.

(% Walpole, R. E. and Myers R.H., Probability and Statistics for
Engineers and Scientists. MacMIlan, New York, 1972.

() Cochran, W. G., "Approximate Significance Levels of the
Behrens-FisherTest", Bionetrics, 20, 191-195, 1964,

(5) Rose, D.M., and Scholz, F. W., Statistical Analysis of Cumulative
Shi pper-Receiver Data, NUREG/CR-2819, Division of Facility
Operations, Ofice of Nuclear Regulatory Research, U S. Nuclear
Regul at ory Commi ssi on, Washington, D.C. 20555, NRC FI N
B1076, 1983.

(6) Snedecor, G.W. and Cochran, W.G., Statistical Methods, 6th ed,

The lowa State University Press, Arnes |owa, 1968.
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1.0

2.0

APPENDI X 2

| DENTI FI CATI ON_ OF SPECTRAL | RREGULARI TI ES

[ ntroduction

Spectral irregularities which are not produced by aircraft noise sources nay
cause tone corrections to be generated when the procedures of Annex 16,

Vol ume 1 paragraph 4.3 of Appendix 1 and 2, are used. These spectra
irregularities may be caused by:-

(a) the reflected sound energy from the ground plane beneath the nicrophone
mounted at 1.2 m above it, interfering with the direct sound energy
fromthe aircraft. The re-enforcing and destructive effects of this
interference is strongest at |ower frequencies, typically 100 Hz to
200 Hz and dininishes with increasing frequency. The local peaks in
the 1/3 octave spectra of such signals are termed pseudotones. Above
800 Hz this interference effect is usually insufficient to generate a
tone correction when the Annex 16, Volume 1 tone correction procedures
is used.

(b) smal | perturbations in the propagation of aircraft noi se when analysed
with 1/3 octave bandwidth filters

(c) the data processing adjustnents and corrections such as the background
noi se correction nethod and the adjustment for atnospheric attenuation.
In the case of the latter, the atmospheric attenuation coefficients
(%) given in ARP866A ascribewt val ues at 4 KHz to the centre frequency
of the 1/3 octave band whereas at 5 KHz the value of s is ascribed to
the | ower pass frequency of the 1/3 octave. This difference is
sufficient in sone cases to generate a tone correction.

The inclusion of a tone correction factor in the conputation of EPNL accounts
for the subjective response due to the presence of pronounced spectra
irregularities. Tones generated by aircraft noise sources are those for which
the application of tone correction factors are appropriate. Tone correction
factors which result from spectral irregularities, i.e. false tones produced
by any of the above causes may be disregarded. This Appendi x describes

met hods whi ch have been approved for detecting and renoving the effects of
such spectral irregularities. However, approval of the use of any of these
met hods remains with the certificating authority.

Met hods for identifying fal se tones

2.1 Frequency Tracking
Frequency tracking of flyover noise data is useful for the frequency
tracking of spectral irregularities. The observed frequency of
aeroplane noi se sources decrease continuously during the flyover due to
Doppl er frequency shift, fpop where:-

fpop =
1 = McosA

where f is the frequency of the noise at source
Mis the Mach nunber of the aeroplane
A is the angle between the flight path in the direction of
flight and a line connecting the source and observer at the
time of emssion.
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APPENDI X 3

A PROCEDURE FOR REMWI NG THE EFFECTS OF AMBI ENT NO SE
LEVELS FROM AEROPLANE NO SE DATA

| ntroduction

1.1 The following information is provided as guidance material for
certificating authorities on the method of renoving the effect of
armbi ent noi se on aeroplane recorded noi se

1.2 This is not the only procedure which may be used and changes under
certain instances may be nade to it, but approval for its use in its
current or nodified formremains with the certificating authority.

Correction Procedure

2.1 Aeroplane sound pressure levels within the 10 dB down points shoul d
exceed the nean anbient noise levels deternined above by at |east 3 dB
in each one-third octave band or be corrected by the follow ng or
simlar nethod.

1) The identification of the predetection and post-detection noise are
made, i.e.:

a) one which adds to the recorded noise data on an energy basis
such as that from extraneous acoustic background noise signals
is termed pre-detection noi se;

b) one which is non-additive but nmasks the aeroplane noi se signa
such as would be produced by the |ower |evel 'w ndow of the
signal analyser i s termed post-detection noise

2) Over the frequency range of the predetection noi se, the background
noi se is subtracted fromthe analysed noi se on an energy basis.

i) at frequencies of 630 Hz and below, if the analysed |evel is
within 3 dB of the background predetection noise |eve
(" masked' band), the corrected aeroplane noise is set equal to

t he predetection background level. |If the analysed level is
| ess than the background |evel, no changes are made to this
level .

ii) at frequencies above 630 Hz, if the analysed level is within
3 dB or less than the predetection noise |evel, these levels
are also identified as 'masked' and are corrected as in Steps
4), 5) and 6).

3) The remaining bands which fall inside the frequency range of the
post - det ection background noise are uncorrected unless they are
within 3 dB of the identified post-detection noise, these bands
are thus identified as 'masked' bands.

4) The 'as measured' spectrumis normalised to reference day conditions
(25'C, 70% RH) and a di stance fromsource of 60 m.

5) For the 'masked' high frequency bands at 60 ma |inear extrapol a-
tion fromthe next |ower frequency unmasked band of 0 dB/one-third
octave, or a greater slope if derived from neasured data, is
appl i ed.
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are thus identified as 'masked' bands.

4) The 'as measured' spectrumis normalised to reference day conditions
(25'C, 70% RH) and a di stance fromsource of 60 m.

5) For the 'masked' high frequency bands at 60 ma |inear extrapol a-
tion fromthe next |ower frequency unmasked band of 0 dB/one-third
octave, or a greater slope if derived from neasured data, is
appl i ed.
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ATTACHVENT B TO THE REPCRT ON AGENDA | TEM 3

PROPOSED ANMENDMENTS TO ANNEX 16, VOLUME I = RECOMMENDATION 3/5

PART |1,

CHAPTER 2

In paragraph 2.6.1.1 anend "Take-off thrust" to read "Average

t ake- of f

PART |1,

thrust".

CHAPTER 3

a) Amend the title as follows:

",

SUBSONI C JET AEROPLANES - APPLI CATI ON FOR CERTI FI CATE OF
Al RWORTHI NESS FOR THE PROTOTYPE ACCEPTED ON OR AFTER
6 OCTOBER 1977

PROPELLER- DRI VEN AEROPLANES OVER 5 700 kg - APPLI CATI ON FOR
CERTI FI CATE OF Al RWORTHI NESS FOR THE PROTOTYPE ACCEPTED ON OR
AFTER 1 JANUARY 1985 AND BEFORE (applicability date)

PROPELLER- DRI VEN AEROPLANES OVER 9 000 kg - APPLI CATI ON FOR
CERTI FI CATE OF Al RMORTHI NESS FOR THE PROTOTYPE ACCEPTED ON OR
AFTER (applicability date)".

b) Anend paragraph 3.1.1 as follows:

"3.1.1The Standards of this chapter shall be applicable to:

a)

al | subsonic jet aeroplanes, including their derived
versions, other than aeroplanes which require a runway*

|l ength of 610 mor |less at maximum certificated mass for
airworthiness, in respect of which either the application for
certificate of airworthiness for the prototype was accepted
or anot her equival ent prescribed procedure was carried out by
the certificating authorities, on or after 6 Cctober 1977;

b) all propeller-driven aeroplanes, including their derived

c)

versions, of over 5 700 kg maxinmum certificated take-off
mass (except those described in 6.1.1), for which either the
application for certificate of airworthiness for the
prototype was accepted or another equivalent prescribed
procedure was carried out by the certificating authorities,
on or after 1 January 1985 and before (applicability date);

all propeller-driven aeroplanes, including their derived
versions, of over 9 000 kg maxi num certificated take-off
mass, for which either the application for certificate of
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airworthiness for the prototype was accepted or another
equivalent prescribed procedure was carried out by the
certificating authorities, on or after (applicability
date)."

¢) In paragraph 3.6.2.1 a) amend "Take-off thrust" to read "Average

take-off thrust/power";

d)1 n paragph 3.6.2.1b) lines 2 and 7, amend "thrust" to read

"thrust/power";

e) In paragraph 3.6.3.1 b) amend "thrust” to read "thrust/power";
f) Amend paragraph 3.6.3.1¢e) to read as follows:

"e) the most critical {(that which produces the highest noise
level) configuration with normal deployment of aerodynamic
control surfaces including lift and drag producing devices,
at the mass at which certification is requested shall be
used ."

3. PART Il, CHAPTER 5
a) Amend the title to read as follows:

"PROPELLER-DRIVEN AEROPLANES OVER 5 700 kg - APPLICATION FOR

CERTIFICATE OF AIRWORTHINESS FOR THE PROTOTYPE ACCEPTED ON OR

AFTER 6 OcTOBER 1977 AND BEFORE 1 JANuARY 1985"; and

b)in paragraph 5.6.2.1 a) anend "Take-off power" to read "Average
t ake- of f power".
b, TITLE OF APPENDIX 2

Anend the title to read as foll ows:

'‘APPENDIX 2. EVALUATION METHOD FOR NOISE CERTIFICATION OF

1.

SUBSONIC JET AEROPLANES - APPLICATION FOR CERTIFICATE OF
AIRWORTHINESS FOR THE PROTOYPE ACCEPTED ON OR AFTER
6 OCTOBER 1977

PROPELLER-DRIVEN AEROPLANES OVER 5 700 kg - APPLICATION FOR
CERTIFICATE OF AIRWORTHINESS FOR THE PROTOTYPE ACCEPTED ON OR
AFTER 1 JANUARY 1985 AND BEFORE (applicability date)

PROPELLER- DRI VEN AEROPLANES OVER 9 000 kg - APPLI CATI ON FOR
CERTI FI CATE OF Al RWORTHI NESS FOR ' THE PROTOTYPE ACCEPTED ON AND
AFTER (applicability date)

Note.- See Chapter 3, Part 1I.”
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£) wind speed not above 22 km/hr (I 2 kts) and cross-w nd speed not

above 13 km/hr (7 kts) at 10 m(33 ft) above ground over the
10 dB-down time interval.

Note 1.~ These linmts are based on the use of an anenoneter wth
a built-in detector tinme constant of 30 seconds. For anenometers
with shorter detector tines the effects of short term gusts
during the 10 dB~down period nust be considered and in such

i nstances the maxi mum val ue of gusts should not exceed 28 km/hr
(15 kts) and a maxi mum average wind value of no nore than

22 km/hr (12 kts). The maxi mum val ue of cross-w nd gust should
not exceed 18 km/hr (10 kts) and a maxi num average cross-w nd of
12 km/hr (7 kts).

Note 2.~ The cross-w nd conponent shall be based on the
cont1 nuous wi ndspeed vector resolution in the cross-wnd
direction;

g) no anomalous w nd conditions that would significantly affect the
noi se level of the aeroplane when the noise is recorded at the
measuring points specified by the certificating authorities.

Wien a nultiple layering calculation is required by paragraph

2.2.2 (e) the atnosphere between the aeroplane and 10 m above the
ground shall be divided into |ayers of equal depth. The depth of the
| ayers shall be determned by the mninum depth of the layer giving a
variation of £0.5 dB/100 min the atmospheric absorption coefficient
of the 3150 Hz 1/3-octave band over any part of the noise
propagation path with a mininmumlayer depth of 30 m. The nean of the
val ues of the atnospheric absorption coefficients at the top and
bottom of each layer may be used to characterize the absorption
properties of each layer.”

6. SECTION 7 OF APPENDI X 2

Repl ace the equation in 7.3 c) by the fol |l ow ng:
n = 0.3 antilog,;, {Me) [SPL - sPL(e)]}

7. SECTION 9 OF APPENDI X 2

a) Delete paragraph 9.1.2;
b) Repl ace existing paragraphs 9.1.3 and 9.1.4 by the fol | owi ng:
"9.1.2 Either the *sinplified method orthe 'integrated method

shal | be used for flyover, approach, or lateral noise
nmeasurements when:
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8.1

c)

a) the amounts of the adjustments are |less than sdB on
take-off, 4 dB on approach, and 4 dB on |ateral; or

b) the anounts of the adjustments on take-off are nore than 4 dB
and the resulting numbers are not within 1dB of the limting
noi se |evels.

9.1.3 Wen the anounts of the adjustments or the corresponding
margin are outside the limts specified in 9.1.2, the
*integrated” method shall be used for all noise neasurenent

adj ustnents .»

Add the follow ng to paragraph 9.2.2:

"The aeroplane reference point during approach neasurenments shal l
be the ILS antenna.”

Removal of reference to IS0 3891-1978(E)

APPENDI X 1

Replace the existing text in son the Sound Attenuation in Air by:

"8, Sound Attenuation in Air

8.1 The atnospheric attenuation of sound shall be determned in
accordance with the procedure presented bel ow

8.2 The rel ationship between sound attenuation, frequency,
temperature and humdity is expressed by the follow ng
equati ons:

@y = 10 (2:05 10g (£g/1000) + 1.1394.107" 6 ~ 1.916984) +
n(8) x 10 (1 0g (fy) + 8.42994.107 6 - 2.755624) dB/100 M

wher e

_2
s - /(1010 ! ) 10 (log H - 1.328924 + 3.179768.10  §) X
b 2 -
1o (F2.173716.107 6~ + 1.7896.10"° 8°)

n(s) is given by Table 1-5 and £, by Table 1-6;

a; being the attenuation coefficient in dB/100 m;
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TABLE 1.7 - sound attenuation coefficent in dB/100 m
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TABLE 1.10 - sound attenuation coef icient in dB/100 m
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- sound attenuation coefficient in dB/100m

TABLE 1.13
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in dB/100 m

TABLE 1.15 - Sound attenuation coefficient
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ATTACHVENT C TO THE REPORT ON AGENDA | TEM 3

RECOMVENDED METHCD FOR COMPUTI NG NO SE CONTOURS AROUND Al RPORTS

1. [ ntroduction

The noise at points on the ground from aeroplanes flying into and out
of a nearby airport depends on a nunber of factors. Principal anpbng these are
the types of aeroplane and their powerplant; the power, flap and airspeed
management procedures used on the aeroplanes thensel ves; the distances fromthe
points concerned to the various flight paths; and local topography and weat her,
affecting sound propagation. Airport operations generally include different
types of aeroplanes, various flight procedures and a range of operationa
weights. Because of the large quantity of aeroplane-specific data and airport
operational information that would be required to conpute the noise of each
individual operation, it is customary in airport noise studies to make certain
sinplifications, leading to estimtes of noise index values which are averages
over long periods of time (typically several months). Calculations are usually
repeated at each of a series of points around the airport and then interpolations
are made to trace lines of equal noise index values (noise "contours") which are
then used for study purposes

In view of the large nunmber of variables involved and the sinplifications usually
made in the calculations, it is desirable to recommend a single procedure for
computing airport noise contours. The aimof this document is to provide an
outline for such a recommended nethod, identifying the major aspects and
supplying specifications in respect of each. An explanation of terns is given,
covering those terns where confusion nmight arise. A conplication is that the

cal cul ation nmethod has to allow for the use of different noise descriptors as
bases for national noise indices. Gven this proviso, the nethod of cal culation
described should allow States to compute noi se contours which are consistent with
one anot her

There are a nunber of noise-generating activities on operational airports which
are excluded fromthe cal cul ati on procedures given here. These include use of
thrust reversal by landing aeroplanes, taxiing, engine testing and use of
auxiliary power-units. In practice, the effects of these activities are unlikely
to affect the noise contours in regions beyond the airport boundary.

2. Scope

Thi s docunent describes the major aspects of the calculation of noise
contours for air traffic at an airport. It is primarily intended to be applied
tocivil, comercial airports, where the aeroplanes in operation are nostly
either jet-engine powered or propeller-driven heavy types. |f appropriate noise

and performance data are available for propeller-driven |ight aeroplanes, then
these types may also be included in the evaluation. \Were the noise impact
derives mostly from helicopters, however, this docunent is not applicable - the
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3.2

6. Noise index
An expression used to rate noise in terms of subjective annoyance
over a defined period of time; an index can incorporate
weightings of the single-event |evels according to the time of
day or night at which they occur and/or a weighting of the nunber
of events occurring within the time period. The tine [imts and
weightings are chosen to conformw th public opinion, as
determ ned from surveys

7. Flight path
The path of an aeroplane through the air, defined in three
dimensions, wusually with reference to an origin at the start of
take-off roll or at the landing threshold.

8. Flight track (or ground track)
The vertical projection of the flight path onto the ground
pl ane

9. Flight profile
The elevation of the flight path, showing the variation of
aeroplane hei ght al ong the ground track

10. Noise contour
A line of constant value of a noise index around an airport, due
to the noise of a traffic mx of aeroplanes under norma
operating conditions and using nornal flight paths.

Synbol s

a) Noise
LA A-wei ghted sound pressure |eve

Lamax maxi mum val ue of Ly

Lag sound exposure |eve
L Lamax Or Lpg» under conditions identified by neans of a
sugscript %see Section 6)

L 1/3-octave band sound pressure | evel
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anbient air tenperature
anbient air pressure
anbient air density

T/ To

P/P,

p/pg (al so §/8)

d) Engi ne noise-related thrust paranmeters

t hrust/noi se constant
flight speed coefficient
altitude coefficient
tenperature coefficient

propel ler tip rotational Mach number coefficient

noi se const ant
thrust coefficient
speed-al titude coefficient

second order engine speed coefficient

representation for paraneters Xy/é, /&, SHP/6V/& or N

difference in g due to tenmperature difference
representing paraneters aX,/s or ASHP/&/8

propeller tip rotational Mach nunber

| ow pressure rotor speed or fan speed
propel l er rotational speed

engi ne shaft power

representation for paraneters N//8, SHP/§/8, EIS
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s standard devi ation
r radi al distance
o angle fromthe aeroplane ground track to a radial passing
through an observation point
¥ angl e of turn of an aeroplane ground track
b, Cal cul ation of the contours
4.1 Summary and applicability of the nethod

For an airport noise study, the calculations conprise the follow ng,
in order:

a) determnation of the noise levels fromindividual aeroplane
movements at observation points around the airport;

b) addition or conbination of the individual noise levels at the
respective points according to the fornulation of the chosen
noi se index; and

c) interpolation and plotting of contours of selected index val ues.

The nunbers of aeroplane novements to be included in a study and the operationa
details for each are matters for selection. Cearly, a set of calculated noise
contours is valid only for the traffic assunptions on which it is based. At al
airports, the pattern of operations varies from day-to-day, depending on the
weat her, scheduling and many external factors. Generally the noise index for

whi ch the contours are calculated is defined in terns of [ong-term average daily
values , typically over a period of some nonths. It follows that the contours
intended to show noi se exposures around an airport defined in terms of such an

i ndex should simlarly depict long-term average conditions. The traffic and
operational patterns used in the study are then selected accordingly.

The noise levels from individual novements are calculated (for given atnospheric
conditions) from noi se-power-distance and aeroplane performance data, see 5.2.5.
The conditions for the noise data are defined by atnospheric attenuation rates,
for which the yearly averages drawn from several mgjor world airports are
assuned.  The performance data are for defined atnospheric tenperature and
hum dity, airport altitude and wind speed. However, given that the calcul ated
noi se contours depict long-term averages, the same basic data are assuned to
apply over specified ranges of conditions. The form of presentation, nethods of
derivation and reference conditions for the aeroplane data are given in
Section 5.

The specification for noise data in Section 5 includes two noise descriptors.
These are the nmaxi mum A-wei ghted sound pressure |evel occurring at some instant
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during an aeroplane novenent, and the sound exposure level, which is the [evel of
an integral with time of the square of the A-weighted sound pressure during the
aeroplane novenent (see 5.1.2). The two descriptors selected are believed to be
sufficient to permt the calculation of nmost noise indices in use within ICAO
menber States, either directly or with the use of enpirical adjustments. The
fornulations for different noise indices are given in Appendix C to this

docunent.  The sunmation process for noise |evels fromindividual aeroplane
nmovements and interpolation of noise index values for contour plotting are
conmputer-progranmng matters only and are left to the discretion of the user

4.2 | nput information requirenents

For an airport noise study, the organization making the calculation
will require the followng information

a) the aeroplane types which operate fromthe airport;

b) noi se and perfornmance data for each of the aeroplane types
concerned, supplied in accordance with the specifications of
Section 5 of this document:

e) the routes followed by arriving and departing aeroplanes;

d) the numbers of novenents on each route within the period chosen
for the calcul ations;

e) the operational data and flight procedures relating to each route
(including aeroplane masses, power settings, speeds and
configurations during different flight segnments); and

r) airport data (including average neteorol ogical conditions, nunber
and alignment of runways).

4.3 Noi se from i ndivi dual aeroplane novenents

For a novenent on an arrival or departure route, aeroplane positiona
information and corrected engine thrusts are conputed throughout the various
flight operational segments (see Section 5). From a selected point (co-ordinates
x,y) on a grid arranged on the ground around the airport (see Section 6)the
shortest distance to the flight path is calculated and the noise data (L) are
interpolated for the distance (d) and thrust (£) concerned. The aeroplane
positional information should allow for sonme lateral displacement of the actua
ground track in a particular case, relative to the nomnal route, due to inexact
track-keeping which occurs in practice. Corrections are applied (see also

- Section 6) for extra attenuation of sound during propagation |ateral to the
direction of aeroplane nmovement (A), for directivity behind the start of take-off
ground roll (a;) and (in the case of the sound exposure |evel) for aeroplane
speed (ay) and changes in the duration of the highest noise |evels where an
aeroplane makes a turn in its flight path (a;). Hence the noise level at the
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- Section 6) for extra attenuation of sound during propagation |ateral to the
direction of aeroplane nmovement (A), for directivity behind the start of take-off
ground roll (a;) and (in the case of the sound exposure |evel) for aeroplane
speed (ay) and changes in the duration of the highest noise |evels where an
aeroplane makes a turn in its flight path (a;). Hence the noise level at the
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Slant distance 80 100 | 125 160 | 200 | 250 315 | 400 | 500| 630| 800
(m)

Lamax (4B
Lpg (dB)

Sl ant distance 1000 1250 [1600 2000 [2500 [3150 |4000 [5000 (6300 |8000
(m)

Lawax (dB)

Lpyg (dB)

Note. - All noise levels are to be normalized to confirmwth the
attenuati on rates of Table 1.

Figure 1. Format of noise data

The noise levels given should be those occurring directly under the flight path
during steady flight (a constant speed of 160 knots, constant configuration and
thrust setting, wthout banking). The aeroplane configuration and flight speed
to which the noise levels correspond should be identified on the tables and

gr aphs.

The physical quantity selected for the noise-related thrust paranmeter should be
directly conpatible with that presented in the performance information (see
Section 5.2). Typical parameters are, anongst others, corrected net thrust, fan
speed, propeller speed and engine shaft power.

In the noise tables, the intervals of the relevant paraneters should be
adequately spaced to ensure that the deviation from directly-obtained graph
readings is less than a tenth of a decibel, assuming a linear interpolation. The
nunber of thrust paraneter values for which data are to be tabulated depends on

t he aeroplane type, but data must be provided at |east for the approach and
take-off values of the thrust paraneter
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5.1.2 Noi se descri ptor

The noi se data should be supplied in terns of the maxi num A-weighted sound
pressure | evel, Lyyax, and the sound exposure level, L,g.

Note.- The sound exposure level, L,p, "is defined (see ref 1) as follows:

t 2 2 2
L =10 1og { (1/t02ftl(pA (t)/py )t}
AE
where p (t) is the instantaneous A-weighted sound pressure, (t2- t,)

Is a stated tine interval |ong enough to enconpass a1l significant
sound of a stated event, pgis the reference sound pressure (20 uPa)
and ty is the reference duration (1s).

5.1.3 Noi se data envel ope

The envel ope of the noise data shoul d contain:

a) a range of thrust-related noise paraneter values which
enconpasses all the values likely to be selected on the aeroplane
during flight operations at and in the vicinity of an airport;
and

b) perpendi cul ar distances to the flight path ranging from8d mto a
maxi mum corresponding to a cut-off noise level of L,y,y = 65 dB

5.1.4 Data derivation

Wienever possible the data should be based on the results of tests
conduct ed under controlled conditions and should be conparable in quality to data
acquired for aeroplane noise certification purposes (see ref 2). During
controlled flyover noise tests, the position of the aeroplane along the flight
path is neasured and synchronized with the sound recordings. The aeroplane's
engi ne power setting, flap deflection, landing gear setting, and airspeed are
mai ntai ned at nomnally constant values throughout the duration of each sound
recording

For the conputation of L and L,., measured aeroplane sound data are reduced
AMAX AF. ; : \
to 1/3~-octave band sound pressure [evels in decibels relative to a reference

pressure of 20 micropascals. Sound pressure |evels are obtained, for the
241/3-octave bands with centre frequencies ranging fromso Hz to 10 000 Hz, at
0.5 s intervals throughout the duration of each flyover sound recording. After
correction for instrument calibrations and background noi se contam nation, the
measured 1/3-octave band sound pressure |levels are adjusted to conformw th the
attenuation rates of Table 1.
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TABLE 1. ATTENUATI ON RATES

Centre
Frequendy
of 1/3-Octave
Band Attenuation Rate
(Hz) (dB/100 m)
50 0.033
63 0.033
80 0.033
100 0.066
125 0.066
160 0.098
200 0.131
250 0.131
315 0.197
400 0.230
500 0.295
630 0.361
800 0.459
1000 0.590
1250 0.754
1600 0.983
2000 1.311
2500 1.705
3150 2.295
4000 3.115
5000 3.607
6300 5.246
8000 7.213
10000 9.836

a) Type 1data - full spectral tine history

1. Adjust measured data to conformwth the attenuation rates of
Table 1.

2. For source to observation distances of 800 mor |ess, establish
noi se- power - di stance rel ationshi ps at selected distances (see,
for exanple, Figure 1) by extrapolation of the full time history
pattern to obtain L, and by performng time integration to
obtai n sound exposure)ievel L E (the "integrated" met hod of
adj usting data, see Appendix 2, Section 9.4, of ref 2). The
atnospheric attenuation rates of Table 1are used as reference.
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For a distance of 800 mdefine the sound exposure level, Ljn.,
the maxi mum val ue of A-weighted sound pressure |evel, Lyyaxp: and
the 24 1/3-octave band sound pressure levels, Lp. )y (for 1 =1
to 24) and the acoustic emission angle, corresponbing to Lyyayy-

For distances, d, greater than 800 m, conpute L,y,y for the

adj usted spectral data, using the 800 mdata as re#erence, by
accounting for spherical divergence and atnospheric attenuation
according to Table 1. L,p for the new distance is determ ned by
adding a 7.5 dB/decade duration factor for distance according to
the followng relation

Note. - The above procedure is illustrated in Figure 2.

b) Type 2 data - spectrumat L plus neasured L

AMAX AE

Adj ust measured spectral data corresponding to L,y.y t0 conform
with the attenuation rates of Table 1.

For the neasurement distance define the sound exposure |evel

Lpgr» the maxinumval ue of A-weighted sound pressure |evel,

Lamaxrs @nd the 1/3-octave band sound pressure |evels and the

acousticem ssion angl e corresponding to LAM%%P' The reference
~the te

sound exposure level, Lyz., is derived from st day L,
adj usted by the increnen%al difference between L,y,y correcged to
the reference atnosphere and test day Lpyyaxes 1€ Lpge fOr the

measur enent di stance = L’AE + (LAMAXr— LAMAX ‘

For distances, d, other than the measurenent distance d., conpute
Lymax fOr the adjusted spectral data by accounting for spherica
divergence and atnospheric attenuation according to Table 1. Lg
for the new distance is determined fromthe followingrelation:

Lag = Lamax * (Lpgr = Lpwaxe) + 7.5108 (d/dp) Eq 3

Note.- The above procedure is illustrated in Figure 3.
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Noise level

Extrapolate '/3-octave band levels
for L, @nd time-integrate for Lo
| using t he"integrated”method

E

—— Define LAmaxr and LAEr

\ Extrapolate Y3 -octave band levels

\ for LAmax and add 7.5 dB/distance
decade to LAErI for LAE

~
~ |
™~

N
~N

Measurement N
distance 800m reference

Slant distance

Figure 2. Development of noi se-versus-distance data from
Type 1 nmeasurenents (attenuation rates
from Table 1 throughout)
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W nd speed | ess than 8 m/s (15 knots)

The acceptabl e envel ope for average |ocal conditions defined above is believed to
enconpass conditions encountered at nost of the world s major airports. For
situations where average local conditions fall outside the noted envel ope, it is
suggested that the rel evant aeroplane manufacturers shoul d be consul t ed.

5.2 Performance data

5.2.1 Form of presentation

Aeroplane flight profiles are required in order to allow the
determi nation of slant distances fromthe observation points to the flight paths.
The variations of engine thrust (or other noise-related thrust parameter, see
5.1) and aeroplane speed along the flight path are also required. The sl ant
di stances and thrusts are then used for entry into and interpolation of the
noi se- power -di stance data. For purposes of noise contour conputations, take-off
and approach flight paths are assuned to be represented by a series of
straight-1ine segnents, as illustrated in Figure 4. The ground tracks of the
aeroplane are also represented by straight-line segnents and arcs of circles,

Flight profiles, engine thrusts and aeroplane flight speeds m ght be supplied
directly, for an aeroplane type undergoing reference flight procedures (see
5.2.2). Then for operations at an airport where the actual procedures in use are
unknown, these reference procedures can be assumed. The information for other
procedures known to be used, or for different operating conditions of the
aeroplane, can be cal cul ated using aerodynam ¢ and thrust equations. The
equations contain coefficients and constants which should al so be made avail able
for each conbination of engine and aeroplane (see 5.2.3). The equations

thensel ves are set out in Appendix A
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- Take-off coefficient, P
Flight speed coefficient, Q
- Jdinb/descent coefficient, R

The coefficients relating the relevant thrust/noise paraneter for a specific
power setting (representing a stated engine performance such as “take-off power"
or "normal clinb power")to flight speed, altitude and anbient tenperature, are
as foll ows:

Thrust/noi se constant, Eg
Flight speed coefficient, Fe

- Atitude coefficient, GE

Tenperature coefficient, He

Propel ler-tip Mach-nunber coefficient, CN%

The subscript & above represents whichever engine noise-related corrected thrust

paranmeter (Xy/é, N/V/§, SHP/6/@ or M) that mght be appropriate to a particular
case.

Further thrust/noise coefficients can be used, to establish the relation between
thrust parameter and noise at "general™ thrust settings, or the relationship
between thrust and indicator setting, as follows:

Noi se const ant, A,

- Thrust coefficient, B,

- Speed/altitude coefficient, C,

The subscript v above represents either of the corrected engine paraneters N/vV8
or SHP/§/® or an engine indicator setting (such as EPR or EPD). The derivation
of these coefficients for an aeroplane type is discussed bel ow, see 5.2.4.

5.2.4 Derivation of coefficients

The aeroplane performance coefficients, P, Q and R, the thrust
coefficients for typical power settings, Eg, Fe, Gg and H and those for
non-typi cal power settings, A, B, and C_, havg to’be evaluated for each nodel of

V \Y .
an aeroplane, generally by the manufacturer. The eval uations should be perforned
for the reference conditions specified belowin 5.2.5. The procedure will
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Wnd speed less than 8 m's
Al'l practical operational aeroplane masses.

6. Cal cul ation of the noise fromindividual aeroplane novenents

6.1 Calculation grid

The noi se contours are obtained by interpolation of discrete val ues
of the noise index, resulting froma given traffic pattern, at the intersection
points of an observation grid centred on the airport. The choice of spacing of
the grid points determnes the extent to which fluctuations of the noise index
are taken into account. This is especially inmportant where sharp changes occur
in the noise contours (see circled areas in Figure 5).

Interpolation errors are mnimzed by a close grid spacing, but the cost of
conputer running time is increased through the greater nunber of points to be
covered. A maxi num val ue of about 300 m (1000 ft ) for the grid spacing
constitutes a good conpromise. This maximumvalue will ensure, in addition to a
| evel of accuracy (standard deviation |ess than 0.5 dB for |ow and medi um noi se
contours), good conparability in the results of the contour plotting, even when
linear interpolation between the discrete noise index values is used to |ocate
the contours.

For specific needs or for the plotting of noise contours |located in zones close
to the runways and the flight paths (see Figure 5) small values of the grid
spacing should be chosen in order to obtain the desired |evel of accuracy.

6.2 Modelling of lateral dispersion across nom nal ground tracks

6.2.1 Use of neasurenents

Noi se contours calculated on the assunption that all aeroplane
departure ground tracks follow exactly the nomnal routes may be liable to
| ocalized errors, due to the effects of the dispersion which occurs in practice
It is reconmended that, for greatest reliability, the fornms and paraneters of the
distributions of departure and arrival departure ground tracks should be measured
on each route at particular airports.
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In these expressions, s(y)is the standard deviation and x is the distance from
start of roll. Al distances are expressed in kilometres. In both cases, |inear
i nterpolation can be used to determne the standard deviation between the
lift-off point (where s(y) = 0} and x =5 km Routes involving nore than one
turn should be treated using Eq 5. For arrivals, lateral dispersion can be
neglected within 6 kmof touchdown. O herwise dispersion depends upon each

i ndi vidual runway and aeroplane type.

|f substantial vectoring by air traffic control occurs for departures or
arrivals, nuch larger dispersions should be assumed. For vectored departing
aeroplanes, Standard deviations are typically tw ce those for non-vectored
aircraft

Cal cul ated val ues of noise indices are not particularly sensitive to the shape of
the lateral distribution. The Gaussian formgives the best fit to many observed
distributions. Although continuous distributions can be sinulated, an

approxi mate nodel is preferable on grounds of conputing cost. As a mininmuma
5-point di screte approxi mation should be used. The accuracy of the 5-point

di screte approxinmation given in Table 2 generally gives values within 1 dB of

t hose obtained froma continuous (CGaussian) distribution, and is recomrended.

TABLE 2
PROPORTI ON OF AEROPLANES TO BE ASSUMED FOLLOW NG DI FFERENT

GROUND TRACKS SPACED ABOUT A NOM NAL TRACK (Y, = mean track or
nomnal track as appropriate, and s(y) = standar d devi ation).

Spaci ng Proportion
Y, — 2.0 s(y) 0.065
Y, —1.05s(y) 0.24
Yo 0.39
Y, + 1.0 s(y) 0.24
Y, +2.05s(y) 0.065
6.3 Determ nation of the shortest distance to the flight path

The next step in the calculations is to determne the respective
di stances fromthe grid points to the aeroplane flight paths.  The symbols used
to represent the different distances and angles are shown in Figure 6. The
perpendi cul ar distance from an observation-grid point, J, to the flight path (the
slant distance or range) is given by:
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d = V2% + h? cos? Y Eq 6

where & is the perpendicular distance fromthe point to the ground track, his
t he aeroplane height as it flies over the intersection of the perpendicular to
the ground track, and Y is the clinb angle of the flight path

S ot

Z)
X -
1\—-Ground track
Y
Figure 6. Identification of the distances and angles used for
cal cul ation of the noise froman aeroplane fly-past
6.4 Interpolation of the noise-power-distance data

The noi se-power-di stance data described in Chapter 5 apply to an
aeroplane in straight and level flight with a constant power-setting and
reference speed. In operation at an airport the aeroplane may be clinbing or
descending during the flight segnents of interest. However, it is assumed that
the noi se-versus-distance data still properly estimate Lyyyy OF Lyg, if the
shortest distance to the flight path is considered and tﬁe correspondi ng power-
setting and velocity used

As the tabul ated noise-power-distance data points will not normally correspond to
the actual power-setting and/or the actual shortest distance relevant to an
observation point, it wll generally be necessary to estimate the sound |evel or
sound exposure level by interpolation. A linear interpolation is used between
tabul ated power-settings, whereas a logarithmc interpolation is used between
tabul ated di stances, see Figure 7.
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Noigepglevel

Stant distance (logarit hmic scale)

Figure 7. Noise-power-distance curves

Let Xi and X;,, be tabulated net thrust values for which noise data are provided
at sone distance. The noise level (Lyyax Or Lpp) at the same distance for
internediate thrust X, between X; and Qi+1, i s7given by:

Ly = LX + (LX,

o LX ) ((X = X{)/(Xy,4 - X)) Eq 7

1

Let d; and d;,, be tabulated slant distances for which noise data are provided at
some power-setting. The noise |evel (Lyyax OF Lpg) at the sane net thrust for an
internediate distance d, between d; and d;,,, is given by:

Lq = Ldi * (Ldi+1 - Ldi) ((1og d - 1log d;)/(log d;,q - log d; ) Eq 8
By using Egs 7 and 8, a noise level L, d can be obtained for any net thrust X and
any distance d that is within the envelope of the reference data base, i.e. use
of Eq 7 at d; and d gives the levels at thrust X, at d; and d for use in

i+l
Eq 8.

i+1

The noise levels at certain points on the observation grid will be affected by
changes of engine power-setting on the aeroplane. |In practice these do not occur
i nstantaneously at the end of individual flight segments, but unless allowance is
made in the conputations for the snoothness of the aeroplane operation

unreal istic discontinuities are |iable to appear in the noise contours. Suitable
met hods of including allowance for this effect are (i) the definition of a series
of short profile segnments with small increnental changes in thrust, and (ii)
inclusion of a snoothing algorithmin the conputer programfor contour plotting.

6.5 Correction to the sound exposure |evel for aeroplane speed

Were L, data are presented, a correction will be necessary where
the aeroplane speed differs fromthe reference speed of 160 knots for which the
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AB,2) = (G(&))(A(B))/13.86 Eq 14
where G(R) and A(B) are given by Egs 10 to 13.

Note.- Egs 10 to 14 were devel oped using data from jet-propelled
aeroplanes. In the case of propeller-driven aeroplanes, they might be subject to
error.

6.7 Noi se during the take-off rol

Modelling of the noise at ground positions near the airport runway
during the take-off roll requires several nodifications of the basic noise-power-
distance data. The modif ications result fromthe fact that the aeroplane is On
the ground accelerating fromessentially zero velocity to its initial clinb
speed, whereas the basic data are representative of overflight operations at
constant airspeed. To accommpdate these differences, consideration nust be given
to changes in generated sound resulting fromjet relative-velocity effects,
varying directivity patterns fromthe noving aeroplane, the nodified effective
duration with increased speed and extra attenuation of sound during over-ground
propagation at near-zero elevation angles. As yet, insufficient data are
available to allow all these effects to be taken fully into account. The present
model is applicable to jet aeroplanes and is subject to further devel opnent in
the light of continuing research. It may be used for propeller-driven aeroplanes
until 1nproved nmethods are devel oped

Several factors can affect the accuracy of the modelling. Principal anong these
are wind and tenperature gradients and variability in the operational procedures
enpl oyed during take-off . The present nodel does not include any allowance for
wind and tenperature effects, even though these can cause significant changes in
ground-to-ground attenuation and can even result in shadow zones in specia

cases. Experience has shown that different pilot techniques are enployed at the

start of the take-off roll, including a rolling start with no pause after
taxiing, an early or a later selection of full take-off power, or even on
occasion the application of full power while the brakes are still on. Noise

contour calculations are intended to determne averages froma nunber of
operations and so a method is given which is intended to enconpass a conbination
of all these effects.

The method of modelling described bel ow was devel oped from neasurenents of the
sound exposure level, L,.. However, it is believed fromlinmted available
experinental data that Pﬁe method is applicable also in the case of the maximum
sound pressure level, Ljy.y-

6.7.1 Take-of f roll noi se modelling for jet aeroplanes

Using the co-ordinate system of Figure 8, the noise |evel behind the
start-of-roll point is conputed as follows:
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a) The radial distance, r, fromthe start-of-roll position of the
aeroplane t0 an observation point, K, and the angle ¢ in degrees
between the radius to K and the runway axis, are determ ned

b) A directivity function, A;, for the region behind the start-of-
roll is evaluated as follows (¢ expressed in degrees)

For 90° £ ¢ < 148.4°

A;, = 51.484 - 1,553¢ + 0.015147¢> - 0.000047173¢° Eq 15

For 148.4° < ¢ £ 180°

A;, = 339.18 - 2.5802¢ - 0.0045545¢% + 0.000044193¢° Eq 16
¢) The noise level at X, Ly, is then deternined as follows:

Lg = LXTO . Ay = G(r) + Ap Eq 17

where Ly__is the noise level corresponding to distance r and net

thrust Xog (at lift-off fromthe runway) interpolated fromthe
noi se- power - di stance data, Ay is a correction for the difference
bet ween a notional 32-knot speed near the start-of-roll and the
reference airspeed for which the noise-power-distance data are
quoted, G(r)is the lateral attenuation adjustment correspondi ng
to distance r (see 6.6), and A is the directivity factor
determned fromEq 15 or 16 as appropriate.
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Noise
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' (see figure Al)
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Figure 8. Geometry for construction of take-off roll noise contours

The noise levels after brake-release, at y-values to the side of the runway
during the take-off roll, are also given by Eq 17 except that in this case
A; = 0.

L

Not es: 1. Eq 17 applies to the L, noise descriptor. In the case of the
Lamax descriptor the same formula applies, except that in that
case Ay = 0.

2. The correction to L, for aeroplane speed calculated at points to
the side of the runway is to be determ ned on the assunption of
constant aeroplane acceleration, froma typical nininum speed of
32 knots to the lift-off speed.

6.8 Correction to the sound exposure |evel at an observation point
opposite a turn in the aeroplane fli1ght track

The sound exposure |evel (see 5.1.2)includes an integral over time of the square
of the instantaneous A-weighted sound pressure. The tinme linits of i ntegration
are such as to enconpass all significant sound of a stated event (an aeroplane
fly-past). "All signif icant sound" is usually interpreted to mean sound of
levels within 10dB of the maxi numduring the fly-past. The noise-power-distance
data as described in Section 5 are for aeroplanes in straight and level flight.
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that Fy and Gy are zero (see Eq Al). This assunption is valid for nmost turboprop
engi nes.

A1.2 General thrust settings

For a "general" thrust setting, e.g., during the approach or at cutback during
the clinb, the relation between the thrust and the thrust paraneters is given by
the following formula, in which v represents the thrust paraneters N/v® and
SHP/§/8:

-5
v=A + B (Xy/8) + C (Vgg(1 + 6.0 x107° b)) Eq A6

\Were v represents N//F, a nore precise approxi mation woul d be obtained if a
second-order termis introduced, i.e. v then becones (N//& + Y(N//§)2).

Note. - Eq A6 is unsuitable to determne the propeller rotationa
speed, Np- For the approach, N, I's assuned constant (and equal to the reference
Np).

If a general thrust setting is defined by an engine indicator setting EIS (such
as EPR, EPD or fan speed) the associated thrust can be obtained through Eq A6 by
allowing v to represent the EIS. Wen an indicator setting represents an engine

speed, the Note follow ng Eq A6 applies.

The effect of de-rated (flexible) take-off thrust can be taken into account by
reducing the coefficient Ex/$ in Eq Al by an amount determned as follows:

AEy /8 = (AEy/v®)/ (By/V®) Eq A7
where the coefficient BN//§ is obtained fromEq a6.

A.2 Flight profile and flight speeds

A.2.1 Equi val ent take-off rol

The equival ent take-off roll, s,, is the distance along the runway fromthe start
o the take-off roll to the intéfsection point of the runway and the initial

clinmb path projected downwards, see Figure Al
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where o is the ratio of ambient air density to the I SA sea-level value.

A.2.3 Cinb (descent) angle

The clinb (descent) angle of the flight path is deternined as
fol | ows:

. 1 -
Y= sinT { (e/£,)(Xy/W) - R)} Eq A12
where £, is the wind coefficient (Eq A9), Ris the clinb/descent performance
coefficrent (see 5.2.3) and f is an acceleration coefficient over the flight-
path segnent, as follows:
For an accelerated clinmb fromposition 1 to 2

= 2 _ 2
1/ =1+ (Vpq2 VTASI)/(Zg(Ah)) Eq A13

For a clinb at constant Vg,s expressed in nls
I/f =1+ 5.2 x107°% Vg,q* EqA 4

The angle Y takes a positive value during the clinmb and a negative one during
descent .

For a flap-retraction segment, the clinb angle shoul d be approxinmated by the
average of the values of the coefficient R at the beginning and end of the
segment
If arate of climb (RC) is given, the clinb angle becomes

Y = sin™! {(RC)/(Vpyg(f,))} Eq A15

If a constant attitude is specified, the clinb angle should be assumed constant
for the purpose of flight-path schematization.

A.2.4 Horizontal distance covered in a flight segnent

During clinb or descent, the horizontal distance covered is
determned as follows:

S = Ah/tan Y Eq A16

Wil e the aeroplane is accelerating in level flight, the horizontal distance
covered is as follows:

S = £,(Vppg? = Vrpg?)/728(X /W) - R) EQA 7
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Figure BL. Secondary grid for geonetry of an aeroplane turn
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APPENDIX C

NOISE INDICES IN USE IN ICAO MEMBER STATES

Individual member States have selected different noise indices for
national use. The formulations of current indices are as follows:

C.1 Day-evening-night sound level, LpEN

(LE+5)/1O . O(LN+10)/10

)

10 log (1/24)(12x10LP7/10 | x40 9x1

Lpen =

where Ly, Lp and L, are the equivalent continuous A-weighted sound pressure
levels* over, respectively, the 12-hour daytime period 07 to 19 hours, the 3-hour
evening period 19 to 22 hours and the 9-hour night period 22 to O7 hours.

c.2 Day-night average sound level, Ldn

O(LN+10)/1O

)

where Lp and L, are the equivalent continuous A-weighted sound pressure levels¥
over, respectively, the 15-hour daytime period 07 to 22 hours and the 9-hour
night period 22 to 07 hours.

Lp/10
Lay = 10 log (1/24)(15 x 10 +9 x 1

c.3 Equivalent sound level, Leq, as defined in the Federal Republic of
Germany:

L;/13.3
Leq = 13.3 log } (g; (ty/m0t )

where L; is the maximum A-weighted sound pressure level of an aeroplane fly-past

i, t; is the time interval within which the levels during the fly-past are

*The equivalent continuous A-weighted sound pressure level is usually given the
symbol La.. ¢ (see ref 1 to main text). The symbols Ly, Lp and Ly used here are
intended td’indicate the time periods over which the fevels are evaluated. This
gquantity is defined as follows:

2 2

L2
Lpeq,T = 10 108 {(1/(t2't‘)1/[;, (py(t)/pglat]

where Ly ¢ is the equivalent continuous A-weighted sound pressure level
determineg’over a time interval T starting at t: and ending at t=z, pA(t) is the
instantaneous A-weighted sound pressure of the sound signal and Py 15 the
reference sound pressure (20 pPa).
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within 10 dB of the maxinum g. is a weighting factor, different during the
daytime (06 to 22 hours) from the night (22 to 06 hours) and T is the duration of
eval uation (24 hours).

c.hu Equi val ent continuous A-weighted sound pressure level, LA ., as
. . N ! q
defined in Austria:

t
eq L,(t)/10
Ly,eq = 10100 ((1/teq)J; 10 A dt)

where L,(t) is the instantaneous A-weighted sound pressure level and t is the
A . , . ; £d

evaluation period in seconds; L, ., is evaluated separately over the 16-hour

daytinme period 06 to 22 hours and the 8-hour ni ght period 22 to 06 hours.

C.5 Noi se and nunber index, NNI

Lpyi/10

NNI = 10 | og {% (1/N)(10 J} + 15 10g N - 80

where Lpy; IS the maxi num perceived noise |evel of an aeroplane fly-past i and N
s the Foéal nunber occurring within the tine period of evaluation (12-hour
daytinme in some States, 24 hours in others). In some States using this index, N
is limted to the nunber of operations exceeding a certain value of Lpy;.

C.6 Noi se exposure forecast, NEF

NEF /10
NEF = 10log £ £ 10 *J
i
where NEF ., . Ls a partial value for a specific class of aeroplanes, i, on a flight
path, j, d&fined as fol | ows:

NEF;; = Lgpygj + 10 10g (npyy + 16.67ny;,) - 88

where, in turn, Lppyss Ls the Effective Perceived Noise Level at the observation
poi nt considered, for“the aeroplanes and fli ght path concerned, Npj j s the
nunber of operations during the 15-hour day (07 to 22 hours) and Nyij s the

nunmber during the 9-hour night (22 to 07 hours).
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C.7 Noi se exposure index, B

L./15
B=201log ¢ (n(10P 7))~ 157
|

where L, i s the maxi num A-wei ghted sound pressure |evel of an aeroplane fly-past
and n is a weighting factor which varies with different tinmes during the day and
ni ght.

c.8 Psophic i ndex, Ip

Ip = {10 log (gz 10LDi/1O) N (§ 1O(LNJ’+1O)/1OJ)} - 32

wheres luy; Ls the maximum perceived noise level of an aeroplane fly-past i during
t he 16—Rour day (06 to 22 hours) and Lyj is that of aeroplane fly-past | during
t he 8-hour ni ght (22 to 06 hours).

C.9 \Wei ght ed equi val ent conti nuous perceived noi se | evel, WECPNL, as
defined in Japan:

L;/10

WECPNL={1OIog((|/n>‘|Z1O )} +10lo0g N - 27

where L; is the maxi num A-weighted sound pressure |evel of an aeroplane fly-past
i, nis the number of operations within a 24-hour period, and N is based upon the
nunber wth weightings for the numbers during the daytime (07 to 19 hours),
evening (19 to 22 hours) and night (22 to 07 hours).
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Agenda Item4: Aircraft Engine Enissions

Revi ew of the report of the focal point with a view to devel oping
future course of action

4,1 [ ntroduction

411 The neeting noted that ICAO provisions relating to aircraft engine
enissions were at present contained in Volume Il of Annex 16. These provisions
had been devel oped by the Coomittee on Aircraft Engine Enmissions at its second
meeting (CAEE/2) held in May 1980. At CAEE/2 a nunber of items of future work
had been identified and focal points had been nonminated to pursue these work

| terns.  Subsequent to CAEE/2, the Committee on Aircraft Engine Enissions was

di sbanded, but its remaining work had been included in the tasks of the Commttee
on Aviation Environnental Protection. The focal points had consequently
continued their work

4,1.2 The general topics which had been assigned to the focal points were
as follows:

a) air quality aspects;

b) technical aspects;

c¢) cost effectiveness;

d) vapour di spl acenent from fuel tanks.
The results of the work of the focal points were discussed by the neeting and are
reported on bel ow together with other matters that have arisen since CAEE/2,

together with discussions on future work in the engine enissions field.

4,2 Air quality aspects

4,2.1 The focal point on air quality aspects had been asked to pursue the
following itens:

a> gather information on air pollution modelling techniques in and
around airports;

b) collect and summarize the results of air quality nonitoring
studies at airports;

c) conpile information concerning the need to control emissions from
t urboprop, turboshaf t and APU engi nes;

d) monitor ongoing studies of high altitude pollution, including
modelling of the atnosphere and data collection programmes;
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as follows:

a) air quality aspects;

b) technical aspects;

c¢) cost effectiveness;

d) vapour di spl acenent from fuel tanks.
The results of the work of the focal points were discussed by the neeting and are
reported on bel ow together with other matters that have arisen since CAEE/2,

together with discussions on future work in the engine enissions field.

4,2 Air quality aspects

4,2.1 The focal point on air quality aspects had been asked to pursue the
following itens:

a> gather information on air pollution modelling techniques in and
around airports;

b) collect and summarize the results of air quality nonitoring
studies at airports;

c) conpile information concerning the need to control emissions from
t urboprop, turboshaf t and APU engi nes;

d) monitor ongoing studies of high altitude pollution, including
modelling of the atnosphere and data collection programmes;
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a> unresolved matters and devel opments in emssion instrunentation
and measurement technol ogy;

b) the quantification of smoke visibility neasurenents;

c) the prediction of HC and CO cruise em ssions fromground test bed
measur enments; and

d) | ow em ssi ons combustor technol ogy devel oprments.

4.3.2 Line tenperatures

Conment s had been received by the focal point on measurenent
techniques, in particular on the subject of the temperature of the sanpling
lines. The proposals made were considered to be reasonable and m nor anendments
to Appendices 2 and 3 of Annex 16, Volunme Il were therefore proposed and agreed
by the neeting. The proposed changes are shown in the Attachment to the report
on this Agenda Item

4.3.3 Characterization of exhaust hydrocarbons

Further comment was al so received on this topic and proposals nade
for a fundanental change in procedures. It was pointed out that these had
al ready been discussed and rejected at CAEE/2 and it was therefore agreed not to
pursue them further now.

4.3.4 Fuel specification

4.3.4.1 Experience in using the 1ICAO provisions had shown that great
difficulty existed in obtaining fuel meeting the specification in Appendix 4.
This had neant that special dispensations had had to be granted in al nost al
cases of emssions certification tests to allow the use of fuel outside the
Appendi x 4 specifications. A nunber of nenmbers had therefore nmade proposals for
revised fuel specifications which nore closely net the fuel which was readily
avai | abl e around the world

4,3.4,2 Concern was expressed that a relaxation of the fuel specification
limts mght in effect reduce the stringency of the requirements. The neeting
was assured that this was not the case and that the environnental inpact of the
proposed changes would be negligible. In one case at least (increasing the upper
limt on aromatics), use of fuel at the upper linit of the new specification
could nake particularly the snoke provisions nore difficult to neet.

4.3.4.3 The various proposals for anending the specifications were exam ned
in detail. It was pointed out that there was a trend towards lighter fuels in
many States and this meant a |lowering of the kinematic viscosity limt, a

| owering of the boiling points and an increase in the maxi mum hydrogen content -
all of which characteristics were interrelated. Changes were also agreed to the
upper limts on naphthalenes and aromatics. A proposal to |ower the |ower |init
on aronmatics content to align with the availability of fuel in one State was not
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agreed since it was felt that this could have had the effect of reducing the
stringency of the requirements. The proposed changes which were agreed are shown
in the Attachnment to the report on this Agenda Item

4.3.5 Corrections for test atmospheric conditions

The neeting examined a proposal by one nmenber concerning the nethods
of correcting test results to the reference atnospheric conditions. It was
suggested that the method given at present in Annex 16, Volune Il did not work
very satisfactorily and an alternative nethod which had given better results in
limted tests was described. It was agreed that the proposed new method shoul d
undergo nore wi despread testing before it could be considered for inclusion in
Annex 16.

4.3.6 Leakage flow rates

One menber pointed out that the |eakage flow rate permtted by
Annex 16, Volume Il during tests for snoke was different to that permtted during
gaseous enissions tests. There was no technical reason for this, which appeared
to be the result of an oversight during the devel opment of the provisions at
CAEE/2. In view of the fact that snoke and gaseous emssions tests were often
conducted sinultaneously with the sane test equipnent, it was considered to be
desirable to align the |eakage rates. The majority of menbers felt however that
they had had insufficient time to study this proposal and it was therefore agreed
that it should be assigned to future work

4.y Cost effectiveness aspects

It was reported that the focal point had received no information on
this topic and it was questioned whether it should be retained for future
consideration. It was agreed that this was an inplicit factor in all the
Conmittee's considerations and need not therefore be retained for special study.

4.5 Vapour di spl acenent from fuel tanks

4.5.1 The focal point for this topic had been asked to collect information
on the following points:

a) investigate the extent of the contribution to air pollution
around airports by the fuel vapours displaced into the atnmosphere
when aircraft refuelling is carried out;

b) investigate this situation for different aircraft types, and for
any different types of refuelling systens in use at ngjor
airports in the various States of the Conmittee; and

c¢) if necessary, determine whether it is technically feasible and
econom cal |y reasonable to devel op possible alternative systens
of refuelling to reduce the enmanation of the fuel vapours to the
at mosphere .
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b) continued collection and summary of aerodrome air quality
nmonitoring studies;
e¢) continued review of the need to control emissions from turboprop,
turboshaft and APU engi nes;
d) an exam nation of the applicability of the ICA0 Standards to
propfan engines;
e) continued review of the test fuel specification;
f ) areview of the adequacy of the NO em ssion standards;
g) a review of the possible refinement of individual provisions of
Annex 16, Volume I, in particular:
1) t he representativeness of the gas sanpl e;
2) the methodol ogy for correcting gaseous and snoke enission
measurements to the reference atmospheric conditions;
3) the establishnent of snoke requirements for engines with
different types of jet nozzle;
4) a review of the precision of the fuel venting requirements;
and
5) a review of the sanpling system | eakage flow requirenents.
4.8 Reconmendat i ons

In view of the foregoing discussions, the nmeeting devel oped the

foll owi ng recomendati on:

RSPP

| RECOMVENDATI ON 471 - AMENDMENT OF ANNEX 16, VOLUME |

That Annex 16, Volume |1, be amended as indicated in the Attachnent
to this part of the report.
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Agenda Item5: Future activities of the Comittee

5.1 | ntroducti on

Under this agenda item the Conmttee considered:

a) a conprehensive work programme to be acconplished during the next
phase of the Committee’s work;

b) assignnment of tasks to working groups; and

c) consideration of the need for a second neeting, including, as
necessary, proposals for a tentative agenda.

5.2 Future work progranme

5.2.1 During discussions on the various agenda itenms in which, due to lack
of available resources in national admnistrations, the need to confine future
work to truly essential issues was recognized. The Committee neverthel ess
identified several problens requiring further study during the Commttee’' s future
work in order to achieve the objectives of the Commttee's terns of reference. A
detai |l ed description of these tasks is contained in paragraphs 1.3,2.6,3.3 and
4.7 of this report.

5.2.2 It was suggested that in the devel opnent of noise certification
provisions by the Conmittee due consideration was not being given at present to
the protection of the environment and the |evel of stringency was being
determ ned nostly on the basis of technol ogical devel opments and econom ¢
reasonabl eness. It was pointed out that at an increasing number of noise-
sensitive airports, noise limts exist which restrict the total acceptable noise
exposure. At these airports the expected increase in air traffic novements can
only be accepted if the average noi se em ssion per aircraft novement will
decrease. It was further suggested that in determning effectiveness and
reliability of certification schenes the Conmmttee shoul d assess the inpact on
the environment and also take into consideration the benefits that could be
achieved through operational restrictions. It was further proposed that the work
programme includes a specific itemrequiring an assessnment of environnmenta
probl ems associated with continued operation of Chapter 2 aeroplanes at noise-
sensitive airports.

5.2.2.1 The above proposal was opposed by several nenbers it being stressed
that operational aspects were outside the terms of reference of the Conmttee.
The Committee was informed that related studies for selected airports had been
undertaken in Europe. A study had also been initiated in the United States to
investigate the relative advantages and di sadvantages at selected airports of
gradual replacenent of Chapter 2 aeroplanes With Chapter 3 aeroplanes. Fina
results of this study will be available towards the end of 1986. The Conmttee
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however cautioned that such studies involved considerable effort and costs and it
would results in a tremendous workload for the Committee if it were to enbark on
such a study, which would have to take into account relevant aspects on a globa
basis. The result of earlier work of this type had been reported to CAN/7. It
was therefore felt that such studies should be taken by individual States on the
basis of their own needs and policies with regard to the protection of the

envi ronnent .

5.2.2.2 After sone discussion, the Conmttee decided not to include this task
inits work programme. It, however, requested the nenbers nomnated by States
whi ch had undertaken such studies to provide the results to 1cA0 for use by other
interested bodies and to all menbers/observers of the Committee to facilitate
their contributions towards progressing the Committee’s work on the further

devel opment of the noise certification schemes, and in particular to increasing
the level of stringency of these schemes.

5.2.3 It was proposed that the devel opment of appropriate noise |eve
standards for future supersonic aeroplanes be included in the work programe. It
was explained that since noise was one of the critical factors affecting the
general acceptance of supersonic aeroplanes and woul d al so be a major constraint
on any new designs, it would be desirable to develop suitable standards before

t he designs of such aeroplanes are finalized by manufacturers.

5.2.3.1 Some nmenbers were of the opinion that the Conmittee should wait unti
nmore detailed information was available with regard to the technology to be used
in the devel opment of new designs before noise certification standards are

formul ated. However, the mgjority of the nenbers were of the opinion that the
Conmittee should undertake this task now and furthernore when devel oping the
requirements it should ensure that future supersonic transport aeroplanes are
subjected to the same level of stringency with regard to maximum noise levels as
that specified for subsonic jet aeroplanes and heavy propeller-driven aeroplanes.
After sone discussion, the Conmittee agreed to recommend inclusion of this task
inits work programre.

5.2.4 The Conmittee was informed that in several States stringent rules
were being established to protect workers from noise. Also aircraft

manuf acturers were increasingly being requested by operators to reduce the noise
| evel s experienced in the cockpit. It was suggested that to introduce
international homogeneity, it would be desirable that requirements for control of
noi se in the cockpit be devel oped by 1cA0 and a suitable itembe included in the
work programme of the Committee

5.2.4.1 A mgjority of the menbers were, however, of the opinion that this
subject was not appropriate for this Conmttee and it was concerned nore with
medi cal aspects than technical aspects. The menber noninated by the United
States informed the Conmittee that investigation undertaken so far had not

i ndicated any evidence of hearing danage to crew nmenbers.  Excessive cabin noise
coul d, however, affect crew communication in the cockpit but this would be a
problemrelated to safety rather than to protection of the environment. The
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5.3.4 Taking into consideration the work programme devel oped by the
Committee, it was agreed that three working groups should undertake the follow ng
t asks:

Wrking Goup | - tasks related to noise certification of jet
aeroplanes, including supersonic transport
aeroplanes, and heavy propel | er-driven aeroplanes;

Working Goup Il - tasks related to noise certification of |ight
propel | er-driven aeroplanes, including ultra-light
aircraft, and helicopters;

Wrking Goup Il - tasks related to ai rcraft engine emnissions.

5.3.5 The Conmittee agreed to the following conposition of the three
wor ki ng groups:

a) Wrking Goup |

Menber s/ observers or their advisers nomnated by:

Brazil; Canada; France (Rapporteur M. P.L. Arslanian); Japan,
Net her | ands, Kingdom of the; Sweden; Union of Soviet Socialist
Republics; United Kingdom United States; AACC; IATA; and
ICCAIA.

b) Wor ki ng Group ||

Menber s/ observers or their advisers nomnated by:

Australia; Brazil; Canada, France; Germany, Federal Republic of;
Italy; Japan; Netherlands, Kingdom of the; Switzerland; Union of
Soviet Socialist Republics; United Kingdom United States
(Rapporteur M. R. Tedrick); AACC and ICCAIA.

c¢) Wrking Goup Il

Menber s/ observers or their advisers nomnated by:

Canada; France; Germany, Federal Republic of; Japan; Union of
Soviet Socialist Republics; United Kingdom United States
(Rapporteur M. N. Krull); AACC and ICCAIA.

It was further agreed that M. P. Kearsey will be the Rapporteur of the Techni cal
| ssues Subgroup to assist Wrking Goups | and Il.
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ATTACHVENT A TO THE REPORT ON AGENDA | TEM 5

REVI SED WORK PROGRAMME OF THE CAEP

Noi se certification of helicopters

Further devel opment of noise certification Standards and procedures including
review of technol ogi cal devel opment, certification costs, examination of
practicability and econonic reasonabl eness of increasing stringency for
different types of helicopters including their derived versions and further
devel oprment of test procedures including equival ent procedures.

Noi se certification of propeller-driven aeroplanes

a) Further devel opment of noise certification standards and procedures
including review of technol ogical devel opnent, certification costs,
exam nation of practicability and econom ¢ reasonabl eness of increasing
stringency for different types of propeller-driven aeroplanes and further
devel opnent of test procedures.

b) Devel opment of noise certification requirements for ultra-light
aircraft

Noi se certification of subsonic jet aeroplanes

Further devel opment of noise certification standards and procedures including
review of technol ogi cal devel opment, certification costs, exam nation of
practicability and econom ¢ reasonabl eness of increasing stringency for
different types of subsonic jet aeroplanes and further devel opment of test
procedures including equivalent procedures.

Noi se certification of supersonic transport aeroplanes

Devel opment of noise certification standards and procedures for supersonic
transport aeroplanes taking into account technol ogical devel opnent,
practicability and economc reasonabl eness.

Aircraft engine emn ssions

a) Review of modelling techniques and monitoring of air quality studies with
a view to deternmining the need for further control of enmissions from
aircraft in the vicinity of aerodromes including the extension of the
applicability of Annex 16, Volunme |1, to other types of engines.

b) Review of the adequacy of the current enission standards and devel opnent
of proposals, as necessary, for possible refinement and increased
stringency, of the individual provisions of Annex 16, Volune II.

c¢) Monitoring of international and national programmes of research into the
effects of emssions for aircraft on atnosphere above 900 metres.
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ATTACHVENT B TO THE REPORT ON AGENDA | TEM 5

TERVMS OF REFERENCE OF WORKI NG GROUP |

Jet and Heavy. Propel |l er Aeroplanes

The Goup is required:

1. To consider the needs for increasing the stringency of the relevant
Chapters of Annex 16, taking into account the way in which air traffic is likely
to devel op.

2. To review and report to the Cormittee on advances in acoustic
technology in relation to Item 1 and their possible inpact on noise certification
standar ds.

3. To investigate and report to the Committee on neans of inproving
noi se test specifications and the testing, reporting and anal ysis procedures.

b, To investigate the need to measure noise |levels at |esser distances
than those currently specified in Chapters 2 and 3 and the procedures for
correcting these to the reference positions in relation to Items 1and 2.

5. To consider additional nmaterial and amendnents for the proposed ICAO
Envi ronmental Technical Mnual and the proposed document for computing noise
contours around airports and to establish procedures for the incorporation of
such changes.

6. To consider the possibility of using noise footprints as a basis for
noi se certification purposes.

7. To consider the devel opment of standards to be introduced for future
supersoni ¢ transport aeroplanes.
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ATTACHVENT C TO THE REPORT ON AGENDA | TEM 5

TERVS OF REFERENCE OF WORKI NG GROUP ||

Li ght Propel | er-Driven Aeroplanes and Hel i copters

The group will study and report to the Conmttee on the follow ng:

1. The further review of the Light Propeller-Driven Aeroplane and
Hel i copter Noise Certification Standards with respect to the environnental need
for increased stringency consistent with technical feasibility and econom c
reasonabl eness.

2. The prospects for devel opi ng operational procedures for meaningfu
noi se abatenment in liaison with ICAO operational panels for both aircraft types.

3. The possibility of inproving test specifications and adjustment and
anal ysis nethods through analytical and enpirical efforts with a view of
specifically clarifying the contribution of source noise conmponents and rel evant
flight and operational paranmeters in order to reduce certification cost and
conpl exi ty.

L, The devel opment of draft noise certification requirements for -
ultra-light aircraft.

5. The devel opment of guidance material for possible inclusion in future
I ssues of the ICAO Environnmental Technical Manual in particular test w ndow
constraints, limtations on emssion angles for |ateral measurenents and

met eorol ogi cal requirenents.

6. The continued eval uation of issues leading to and arising fromthe
Hel i copter Noi se Measurenment Repeatability Program (e.g. studies of the take-off
procedure to assure consistency with airworthiness requirements and of speed
control on approach including the need for continuous tracking for all tests).

7. The facility of inplenmentation of both Chapter 8 and Chapter X as
related to technol ogy advances related to both aircraft types.
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ICAO TECHNICAL PUBLICATIONS

The following summary gives the status, and also
describes in general terms the contents of the various
series of technical publications issued by the Inter-
national Civil Aviation Organization. It does not
include specialized publications that do not fall specifi-
cally within one of the series, such as the Aeronautical
Chart Catalogue or the Meteorological Tables for
International Air Navigation.

International Standards and Recommended Prac-
tices are adopted by the Council in accordance with
Articles 54, 37 and 90 of the Convention on Inter-
national Civil Aviation and are designated, for
convenience, as Annexes to the Convention. The
uniform application by Contracting States of the speci-
fications contained in the International Standards is
recognized as necessary for the safety or regularity of
international air navigation while the uniform appli-
cation of the specifications in the Recommended
Practices is regarded as desirable in the interest of
safety, regularity or efficiency of internationd air
navigation. Knowledge of any differences between the
national regulations or practices of a State and those
established by an Internationa Standard is essential to
the safety or regularity of international air navigation.
In the event of non-compliance with an International
Standard, a State has, in fact, an obligation, under
Article 38 of the Convention, to notify the Council of
any differences. Knowledge of differences from
Recommended Practices may also be important for the
safety of air navigation and, although the Convention
does not impose any obligation with regard thereto, the
Council has invited Contracting States to notify such
differences in addition to those relating to International
Standards.

Procedures for Air Navigation Services (PANS) are
approved by the Council for world-wide application.
They contain, for the most part, operating procedures

regarded as not yet having attained a sufficient degree
of maturity for adoption as International Standards and
Recommended Practices, as well as material of a more
permanent character which is considered too detailed
for incorporation in an Annex, or is susceptible to
frequent amendment, for which the processes of the
Convention would be too cumbersome.

Regional Supplementary Procedures (SUPPS) have a
status similar to that of PANS in that they are approved
by the Council, but only for application in the respective
regions. They are prepared in consolidated form, since
certain of the procedures apply to overlapping regions
or are common to two or more regions.

The follo wing publications are prepared by authority
of the Secretary General in accordance with the
principles and policies approved by the Council.

Technical Manuals provide guidance and infor-
mation in amplification of the International Standards,
Recommended Practices and PANS, the implemen-
tation of which they are designed to facilitete.

Air Navigation Plans detail requirements for facili-
ties and services for international air navigation in the
respective ICAO Air Navigation Regions. They are
prepared on the authority of the Secretary General on
the basis of recommendeations of regiond air navigation
meetings and of the Council action thereon. The plans.
are amended periodically to reflect changes in require-
ments and in the status of implementation of the
recommended facilities and services.

ICAO Circulars make available specialized infor-
mation of interest to Contracting States. This includes
studies on technical subjects.
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